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THE  AGRICULTURAL  COLLEGES. 


Alabama — Auburn:  Wm.  Leroy  Broun.* 

Normal:  Win.  H.  Councill.* 
Arizona — Tucson:  Millard  W.  Parker.* 
Arkansas — Fayetteville :  J.  L.  Buchanan.* 
California — Berkeley:    Benjamin  Ide 

Wheeler.* 
Colorado — Fort  Collins:  Barton  0.  Ayles- 

worth.* 

Connecticut — Storrs:  Geo.  W.  Flint.* 
Delaware — Neivark:    Geo.  A.  Harter.* 

Dover:  W.  C.  Jason.* 
Florida — Lake  City:  W.  F.  Yocum.*  Tal- 
lahassee: T.  DeS.  Tucker* 
Georgia— Athens:  H.  C.  White.*  Col- 
lege: R.  R.  Wright  * 
Idaho — Moscow:  Joseph  P.  Blanton.* 
Illinois — IJrbana:  Andrew  S.  Draper.* 
Indiana — Lafayette:  James  Henry  Smart.* 
Iowa — Ames:  W.  M.  Beardshear.* 
Kansas — Manhattan:  Ernest  R.  Nichols,  f 
Kentucky — Lexington:  J.  K.  Patterson.* 

Frankfort:  James  E.  Givens.* 
Louisiana — Baton  Rouge:  Thos.  D.  Boyd.* 

New  Orleans:  H.  A.  Hill.* 
Maine — Orono:  Abram  W.  Harris.* 
Maryland — College  Park:  R.  W.  Silves- 
ter.* 

Massachusetts — Amherst:  Henry  H. 
Goodell.* 

Michigan—  Agricultural  College:  J.  L. 
Snyder.* 

Minnesota — St.  Anthony  Park,  St.  Paul: 
Cyrus  Northrop.* 

Mississippi — Agricultural  College:  J.  M. 
Stone.*    Wests  ide:  W.  H.  Lanier.* 

Missouri — Columbia:  R.  H.  Jesse.*  Jeffer- 
son City:  John  H.  Jackson.* 

Montana — Bozeman:  James  Reid.* 

Nebraska — Lincoln :  Charles  E.  Bessey .  J 
*  President.  f  Acting  pres 


Nevada — Reno:  Joseph  E.  Stubbs.* 
New   Hampshire — Durham:  Charles  S. 

Murkland.* 
New  Jersey — New    Brunswick:  Austin 

Scott,* 

New  Mexico — Mesilla    Park:  Frederic 

W.  Sanders.* 
New  York — Ithaca:  Jacob  Gould  Schur- 

man.* 

North  Carolina — West  Raleigh:  G.  T. 
Winston.*  Greensboro:  James  B.  Dud- 
ley.* 

North  Dakota — Agricultural  College:  J. 
H.  Worst  * 

Ohio — Columbus:  William Oxley  Thomp- 
son.* 

Oklahoma — Stillwater:  Angelo  C.  Scott,* 
Oregon — Corvallis:  Thos.  M.  Gatch.* 
Pennsylvania — State  College:  George  W. 

Atherton.* 
Rhode  Island — Kingston:  JohnH.  Wash- 
burn.* 

South  Carolina — Clemson  College:  Henry 
S.  Hartzog.*  Orangeburg:  Thomas  E. 
Miller.* 

South  Dakota — Brookings:  J.  W.  Heston.  * 
Tennessee — Knoxville:  Chas.W.  Dabney.* 
Texas — College  Station:    L.  L.  Foster.* 

Prairieview:  L.  C.  Anderson.* 
Utah— Logan:  Joseph  M.  Tanner.* 
Vermont — Burlington:  M.  H.  Buckham.*  * 
Virginia — Blacksburg:  J.  M.  McBryde.*  j 

Hampton:  H.  B.  Frissell.* 
Washington — Pullman:  E.  A.  Bryan.* 
West  Virginia — Morgantown :  Jerome  H. 

Raymond.*      Institute:  J.  McHenry 

Jones.* 

Wisconsin — Madison :  Charles  K.  Adams.  * 
Wyoming — Laramie:  Elmer  E.  Smiley.* 
ent.  }  Acting  chancellor. 
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THE  AGRICULTURAL  EXPERIMENT  STATIONS. 


Alabama— Auburn :  College  Station;  P.  I 
H.  Mell.*    Uniontown:  Canebrake  Sta- 
tion; H.  Benton. | 
Arizona — Tucson:  R.  H.  Forbes.* 
Arkansas — Fayetteville :  R.  L.  Bennett,* 
California— Berkeley:  E.  W.  Hilgard.* 
Colorado — Fort  Collins:  L.  G.  Carpen- 
ter.* 

Connecticut — New  Haven:  State  Station; 
E.H.Jenkins.*    Storrs:  Storrs  Station; 
W.  0.  Atwater  .* 
Delaware — Newark:  A.  T.  Neale.* 
Florida — Lake  City:  W.  F.  Yocurn.* 
Georgia — Experiment:  R.J.  Redding.* 
Idaho — Moscow:  J.  P.  Blanton.* 
Illinois — TJrbana:  E.  Davenport,* 
Indiana — Lafayette:  C.  S.  Plumb.* 
Iowa — Ames:  C.  F.  Curtiss.* 
Kansas — Manhattan:  J.  T.  Willard.* 
Kentucky — Lexington:  M.  A.  Scovell.* 
Louisiana — Audubon  Park,  New  Orleans: 
Sugar  Station.   Baton  Rouge :  State  Sta- 
tion.    Calhoun:  North  Louisiana  Sta- 
tion.   W.  C.  Stubbs  * 
Maine — Orono:  C.D.Woods.* 
Maryland — College  Park:  H.  J.  Patter- 
son.* 

Massachusetts — Amherst:  H.  H.  Good- 
ell.* 

Michigan — Agricultural  College:  C.  D. 
Smith* 

Minnesota — St.  Anthony  Park,  St.  Paul: 

W.  M.  Liggett* 
Mississippi — Agricultural  College:  W.  L. 

Hutchinson.* 
Missouri — Columbia  :  H.  J.  Waters.* 
Montana — Bozeman:  S.  M.  Emery.* 


Nebraska — Lincoln:  T.  L.Lyon,  j 
Nevada — Reno:  J.  E.  Stubbs.* 
New  Hampshire — Durham:  C.  S.  Murk- 
land.  % 

New  Jersey — New  Brunswick:  E.  B.Yoor- 
hees.* 

New  Mexico- — Mesilla  Park:  F.  W.  San- 
ders.* 

New  York — Geneva:  State  Station;  W. 
H.  Jordan.*  Lthaca:  Cornell  Univer- 
sity Station;  I.  P.  Roberts.* 

North  Carolina — Raleigh:  G.  T.  Wins- 
ton.* 

North  Dakota — Agricultural  College:  J. 

H.  Worst* 
Ohio — Wooster:  C.  E.  Thorne.* 
Oklahoma — Stillwater:  J.  Fields.* 
Oregon — CorvaUis:  T.  M.  Gatch.* 
Pennsylvania  —  State   College:    H,  P. 

Armsby.* 

Rhode  Island  —  Kingston:  A.  A.  Brig- 
ham.* 

South  Carolina — Clernson  College:  H.  S. 
Hartzog.* 

South  Dakota — Brookings:  J.  H.  Shep- 
ard.* 

Tennessee — Knoxville. 
Texas — College  Station:  J.  H.  Connell.* 
Utah — Logan:  L.  Foster.* 
Yermont — Burlington:  J.  L.  Hills.* 
Yirginia — Blacksburg:  J.  M.  McBryde.* 
Washington — Pullman:  E.  A.  Bryan.* 
West  Virginia — Morgantown:  J.  H.  Stew- 
art.* 

Wisconsin — Madison:  W.  A.  Henry.* 
Wyoming — Laramie:  E.  E.  Smiley.* 


*  Director. 

f  Assistant  director  in  charge. 


\  Acting  director. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 
Washington,  D.  C,  January  15,  1900. 
Sir:  I  have  the  honor  to  transmit  herewith  for  publication  Bulletin 
No.  76  of  this  Office,  containing  the  proceedings  of  the  Thirteenth 
Annual  Convention  of  the  Association  of  American  Agricultural 
Colleges  and  Experiment  Stations,  held  at  San  Francisco,  Cal.,  July 
5-7,  1899. 

Respectfully,  A.  C.  True, 

Director. 


Hon.  James  Wilson, 

Secretary  of  Agriculture. 

4 


CONTENTS 


Page. 


Officers  and  committees  of  the  Association   7 

List  of  delegates  and  visitors  in  attendance   9 

Minutes  of  the  general  session   11 

Report  of  executive  committee   11 

Eeport  of  treasurer   13 

Eeport  of  Section  on  Agriculture  and  Chemistry   14 

Eeport  of  Section  on  Mechanic  Arts   17 

Eeport  of  the  committee  on  indexing  agricultural  literature   18 

Eeport  of  bibliographer   19 

Telegram  of  greeting  from  the  Secretary  of  Agriculture   •  20 

Eeport  of  the  committee  on  collective  station  exhibit  at  the  Paris 

Exposition   20 

.Annual  address  by  the  president  of  the  Association   21 

Eeport  of  the  Section  on  Horticulture  and  Botany   28 

Address  and  resolutions  on  the  death  of  Senator  Morrill   30 

Eeport  of  committee  on  methods  of  teaching  agriculture   37 

Eesolution  regarding  Professor  Hilgard   44 

Eeport  of  the  Section  on  Entomology   44 

Paper  on  climatology  and  horticulture   45 

Discussion  on  publication  of  section  papers   47 

Eeport  of  the  committee  appointed  to  attend  the  Pure  Food  Congress  48,  55 

Eesolution  regarding  public  documents   48,  55 

Eesolution  regarding  National  Educational  Association   48 

Lecture  on  the  climate  of  California   48 

Nominations  of  officers  of  the  sections   48 

Invitations  to  places  of  meeting   48 

Paper  on  agricultural  education — practical  and  scientific   48 

Eemarks  on  u scientific  aids"  in  the  U.  S.  Department  of  Agriculture   52 

Discussion  of  cooperation  between  the  stations  and  the  U.  S.  Department 

of  Agriculture   52 

Election  of  officers  of  the  Association   54 

Eesolution  regarding  the  teaching  of  agriculture   55 

Paper  on  seed  testing   55 

Paper  on  an  agricultural  course  in  the  South   59 

Eeport  of  the  committee  on  resolutions  of  thanks   64 

Funds  for  the  preparation  of  the  Paris  exhibit   64 

Eevision  of  the  constitution   64 

Minutes  of  the  sections   65 

Section  on  College  AVork   65 

The  principles  underlying  the  formation  of  an  agricultural  course  in 

the  East   65 

Section  on  Agriculture  and  Chemistry   66 

Papers  and  discussion  on  alkali  soils   66 

Papers  and  discussion  on  irrigation   75 

Papers  and  discussion  on  range  feeding  of  animals   84 

5 


6 


Minutes  of  the  sections — Continued.  page. 

Section  on  Horticulture  and  Botany   87 

Inspection  of  nursery  stock  and  orchards   87 

Irrigation  methods  in  orchards   91 

Making  a  garden  herbarium  and  its  uses   92 

The  making  of  a  horticultural  herbarium  1   93 

Laboratory  work  for  winter  instruction  in  horticulture   95 

Section  on  Entomology   96 

Section  on  Mechanic  Arts   96 

The  practical  importance  of  industrials   96 

The  electrical  engineering  laboratory  in  its  relation  to  local  engineer- 
ing work   99 

The  agricultural  engineer   103 

Some  objections  to  early  differentiation  of  engineering  courses   106 

Excursions   110 

Index  of  names   Ill 


OFFICERS  AND  COMMITTEES  OF  THE  ASSOCIATION. 


President  : 
J.  E.  Stubbs,  of  Nevada. 
Vice-Presidents  : 

E.  W.  Hilgard,  of  California;  E.  E.  Smiley,  of  Wyoming; 

J.  M.  Stone,  of  Mississipi;  M.  H.  Buckham,  of  Vermont; 

M.  A.  Scovell,  of  Kentucky. 

Secretary  and  Treasurer: 

E.  B.  Voorhees,  of  New  Jersey. 

Executive  Committee: 

H.  H.  Goodell,  of  Mass.,  Chairman;        J.  H.  Washburn,  of  Rhode  Island ; 
W.  M.  Liggett,  of  Minnesota;  Alexis  Cope,  of  Ohio. 

Ex  officio:  The  President;  the  Junior  Ex-President  (H.  P.  Armsby)  ;  the  Secretary. 

Bibliographer  : 

A.  C.  True,  of  Washington,  D.  C. 

OFFICERS  OF  SECTIONS. 

College  Work: 

J.  K.  Patterson,  of  Ky.,  Chairman;         A.  W.  Harris,  of  Me.,  Secretary. 

Agriculture  and  Chemistry: 

L.  G.  Carpenter,  of  Colo.,  Chairman;       H.  J.  Patterson,  of  Md.,  Vice-Chairman ; 
C.  D.  Woods,  of  Me.,  Secretary. 

Horticulture  and  Botany  : 

S.  A.  Beach,  of      Y.,  Chairman;  P.  H.  Rolfs,  of  S.  C,  Secretary. 

Entomology : 

H.  Garman,  of  Ky.,  Chairman;  W.  G.  Johnson,  of  Md.,  Secretary. 

Mechanic  Arts: 

C.  S.  Murkland,  of  N.  H.,  Chairman;       F.  P.  Anderson,  of  Ky.,  Secretary. 

committees. 

Indexing  Agricultural  Literature: 

A.  C.  True,  of  Washington,  D.  C,  Chair,;    T.  F.  Hunt,  of  Ohio; 

W.  M.  Hays,  of  Minnesota;  E.  Davenport,  of  Illinois; 

W.  P.  Cutter,  Librarian,  U4  S.  Dept.  of  Agriculture. 


8 


Methods  of  Teaching  Agriculture: 

J.  H.  Connell,  of  Texas,  Chairman;  A.  C.  True,  of  Washington,  D.  0. ; 
T.  F.  Hunt,  of  Ohio;  H.  T.  French,  of  Idaho; 

H.  H.  Wing,  of  New  York. 

Engineering  Experiment  Stations: 

C.  S.  Murkland,  of  N.  H.,  Chairman ;      M.  H.  Buckham,  of  Vermont; 
F.  P.  Anderson,  of  Kentucky;  A.  W.  Harris,  of  Maine; 

J.  E.  Stubbs,  of  Nevada. 

Nomenclature  : 

H.  P.  Armsby,  of  Pa.,  Chairman;  C.  M.  Weed,  of  New  Hampshire; 

E.  H.  Jenkins,  of  Connecticut;  E.  S.  Goff,  of  Wisconsin; 

A.  C.  True,  of  Washington,  D.  C. 

Graduate  Study  at  Washington: 


C.  Northrop,  of  Minn.,  Chairman; 
M.  H.  Buckham,  of  Vermont; 
Alexis  Cope,  of  Ohio; 


J.  H.  Washburn,  of  Rhode  Island; 

J.  E.  Stubbs,  of  Nevada; 

A.  C.  True,  of  Washington,  D.  C. 


Collective  Station  Exhibit  at  Paris  Exposition : 

H.  P.  Armsby,  of  Pa.,  Chairman;  A.  W.  Harris,  of  Maine; 

W.  H.  Jordan,  of  New  York;  M.  A.  Scovell,  of  Kentucky; 

A.  C.  True,  of  Washington,  D.  C. 

Uniform  Fertilizer  Laws: 

H.  J.  Wheeler,  of  R.  L,  Chairman ;         H.  P.  Armsby,  of  Pennsylvania; 
C.  D.  Woods,  of  Maine;  E.  H.  Jenkins,  of  Connecticut; 

M.  A.  Scovell,  of  Kentucky. 

Military  Instruction  in  Land-Grant  Colleges: 

G.  W.  Atherton,  of  Pa.,  Chairman;         Alexis  Cope,  of  Ohio; 

A.  W.  Harris,  of  Maine;  H.  H.  Goodell,  of  Massachusetts; 

C.  W.  Dabney,  of  Tennessee;  R.  H.  Jesse,  of  Missouri; 

H.  C.  White,  of  Georgia. 

Cooperation  between  Stations  and  U.  S.  Department  of  Agriculture : 

E.  A.  Bryan,  of  Washington,  Chairman;    W.  A.  Henry,  of  Wisconsin; 

H.  H.  Goodell,  of  Massachusetts;  H.  J.  Waters,  of  Missouri; 

L.  G.  Carpenter,  of  Colorado. 

Revision  of  Constitution: 

J.  E.  Stubbs,  of  Nevada,  Chairman;  J.  K.  Patterson,  of  Kentucky; 

M.  H.  Buckham,  of  Vermont;  W.  A.  Henry,  of  Wisconsin; 

H.  H.  Goodell,  of  Massachusetts. 

Pure-Food  Legislation: 

W.  A.  Withers,  of  N.  C,  Chairman;        H.  J.  Patterson,  of  Maryland; 
W.  Frear,  of  Pennsylvania;  H.  J.  Wheeler,  of  Rhode  Island; 

A.  T.  Neale,  of  Delaware. 


LIST  OF  DELEGATES  AND  VISITORS  IN  ATTENDANCE. 


Arizona:  A.  J.  McClatehie. 

California:  F.  Adams,  J.  H.  Barber,  F.  T.  Bioletti,  E.  K.  Bishop,  W.  C.  Blasdale, 
G.  E.  Colby,  A.  J.  Cook,  C.  L.  Cory,  A.  M.  Dal  Piaz,  J.  B.  Davy,  D.  T.  Fowler, 
M.  E.  Jaffa,  R,  H.  Loughridge,  W.  B.  Rising,  C.  H.  Shinn,  E.  E.  Smith,  F.  J. 
Snow,  A.  V.  Stubenrauch,  B.  F.  Walton,  Mrs.  H.  S.  Walton,  E.  J.  Wickson, 
C.  W.  Woodworth,  T.  J.  Wrampelmeier. 

Colorado:  L.  G.  Carpenter,  J.  L.  Chatfield,  C.  S.  Crandall,  Miss  M.  C.  Shields. 

Connecticut:  G.  W.  Flint,  E.  H.  Jenkins. 

Florida:  H.  K.  Miller,  Ft.  E.  Stockbridge. 

Georgia:  R.  J.  Redding. 

Idaho:  H.  T.  French,  Miss  French. 

Illinois:  Mary  E.  McArdle. 

Iowa:  W.  M.  Beardshear,  L.  H.  Pammel. 

Kentucky:  F.  P.  Anderson,  Miss  E.  Beardsley,  V.  E.  Muncy,  J.  K.  Patterson, 
Mrs.  J.  K.  Patterson,  W.  K.  Patterson,  Miss  J.  Reno,  M.  A.  Scovell,  Mrs.  M.  A. 
Scovell. 

Louisiana:  R.  E.  Blouin. 

Maine:  C.  D.  Woods,  Mrs.  C.  D.  Woods. 

Massachusetts:  H.  H.  Goodell,  S.  T.  Maynard. 

Michigan:  R.  C.  Kedzie,  C.  D.  Smith,  Mrs.  C.  D.  Smith. 

Minnesota:  S.  B.  Green,  W.  M.  Liggett,  Mrs.  W.  M.  Liggett,  G.  K.  Whitcoinb. 

Mississippi:  W.  L.  Hutchinson,  E.  R.  Lloyd,  A.  B.  McKay. 

Missouri:  R.  H.  Jesse. 

Montana:  S.  M.  Emery,  F.  W.  Traphagen. 

Nebraska:  G.  D.  Swezey. 

Nevada:  R.  Brown,  W.  E.  F.  Deal,  F.  Ellis,  J.  N.  Evans,  R.  Lewers,  R.  H.  McDowell. 

J.  W.  Phillips,  J.  E.  Stubbs,  H.  Thurtell,  N.  E.  Wilson. 
New  Hampshire:  C.  S.  Murkland. 

New  Jersey:  B.  D.  Halsted,  E.  B.  Voorhees,  Mrs.  E.  B.  Voorhees. 
New  Mexico:  A.  Goss,  C.  A.  Keffer,  F.  W.  Sanders. 

New  York:  B.  von  Herff,  J.  A.  Myers,  Mrs.  J.  A.  Myers,  H.  H.  Wing,  Mrs.  H.  H. 
Wing. 

North  Carolina:  B.  W.  Kilgore,  C.  B.  Williams,  W.  A.  Withers. 
North  Dakota:  E.  E.  Kaufman,  H.  W.  McArdle,  J.  H.  Worst, 
Ohio:  T.  F.  Hunt,  C.  E.  Thorne. 
Oklahoma:  F.  J.  Wikoff. 

Oregon:  C.  M.  McKellips,  G.  W.  Shaw,  Mrs.  G.  W.  Shaw,  Miss  M.  C.  Snell,  C.  D. 

Thompson,  J.  Withycombe,  R.  Withycombe. 
Pennsylvania:  H.  P.  Armsby,  W.  Frear. 
Rhode  Island:  A.  A.  Brigham,  B.  L.  Hartwell. 
South  Carolina:  C.  M.  Conner,  Mrs.  C.  M.  Conner,  H.  S.  Hartzog. 
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Washington:  E.  A.  Bryan,  W.  J.  Spillman. 

West  Virginia:  B.  H.  Hite,  J.  H.  Raymond,  Mrs.  J.  H.  Raymond,  J.  H.  Stewart, 

Mrs.  J.  H.  Stewart. 
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Geisenheim,  Germany:  W.  A.  Goetho. 

Sapporo,  Japan:  I.  Mtobe. 

Sydney,  New  South  Wales:  N.  A.  Cobb. 


PROCEEDINGS  OF  THE  ASSOCIATION  OF  AMERICAN  AGRICUL- 
TURAL COLLEGES  AND  EXPERIMENT  STATIONS. 


MINUTES  OF  THE  GENERAL  SESSION. 

Morning  Session,  Wednesday,  July  5,  1899. 

The  convention  was  called  to  order  in  the  Mills  Building,  San  Francisco,  at  9.45 
a.  m.,  by  the  president  of  the  Association,  H.  P.  Armsby,  of  Pennsylvania.  Prayer 
was  offered  by  President-  C.  S.  Murkland,  of  New  Hampshire. 

Hon.  James  D.  Phelan,  mayor  of  San  Francisco,  was  introduced  and  addressed  the 
convention,  extending  to  the  delegates  a  cordial  welcome  to  California.  The  chair- 
man responded  in  behalf  of  the  Association. 

On  motion  of  J.  E.  Stubbs,  of  Nevada,  which  was  unanimously  carried  by  rising 
vote,  Mayor  Phelan  was  elected  to  honorary  membership  in  the  Association  and 
invited  to  participate  in  its  deliberations. 

The  chairman  of  the  executive  committee  read  the  following  report : 

Eeport  of  Executive  Committee. 

Immediately  following  adjournment  of  the  convention,  the  executive  committee 
met  in  the  parlor  of  the  Ebbitt  House,  Washington,  D.  C.,  and  organized,  making 
choice  of  H.  H.  Goodell  as  chairman. 

A  subcommittee,  consisting  of  H.  P.  Armsby,  E.  B.  Yoorhees,  and  H.  H.  Goodell, 
was  appointed  to  consider  the  question  of  making  more  efficient  the  work  of  the  sec- 
tions. This  committee,  at  a  later  meeting,  formulated  the  following  recommendations 
to  the  chairmen  and  secretaries  of  sections  for  guidance  in  making  up  their  pro- 
grammes: 

(1)  That  the  topics  be  few  in  number,  and  that  two  persons  be  assigned  to  open 
the  discussion  with  carefully  digested  papers,  to  be  followed  by  a  discussion  in  which 
the  chief  disputants  shall  have  been  previously  appointed. 

(2)  That  methods  rather  than  results  should  be  discussed,  and  such  topics  assigned 
as  will  open  up  a  field  for  investigation. 

(3)  That  the  practice  of  using  before  conventions  or  sections  matter  already  in 
print  in  bulletins  or  annual  reports  should  be  discountenanced. 

The  executive  committee  recommends  the  adoption  of  the  above  recommendations 
as  expressing  the  judgment  of  the  Association  as  to  the  character  of  section  pro- 
grammes. 

In  compliance  with  the  vote  of  the  twelfth  annual  convention,  referring  to  the 
executive  committee  the  appointment  of  delegates  to  the  National  Pure  Food  and 
Drug  Congress,  to  beheld  in  Washington,  D.  C,  January  18-21,  1899,  the  chairman 
was  empowered  to  select  the  same.  The  following  gentlemen  were  designated  to  rep- 
resent this  Association:  Messrs.  W.  A.  Withers,  of  North  Carolina;  W.  Frear,  of 
Pennsylvania;  H.  J.  Patterson,  of  Maryland;  H.  J.  Wheeler,  of  Ehode  Island,  and 
Arthur  T.  Neale,  of  Delaware. 

The  question  of  military  details  to  the  colleges  was  early  taken  up  by  your  committee, 
but  without  satisfactory  result.  Accompanied  by  President  Atherton,  your  chairman 
twice  visited  Washington  and  presented  the  case  at  the  War  Department.  Early  in 
March  it  was  hoped  that  some  definite  conclusion  had  been  reached,  and  with  the 
authorization  of  the  Adjutant-General  a  circular  letter  was  prepared  and  sent  out  to 
the  presidents  of  the  several  colleges  represented  in  our  Association.  The  complica- 
tions arising  from  the  military  situation  necessarily  prevented  the  fulfillment  of  the 
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promises  then  made.  To  present  some  definite  statement  at  this  convention,  a 
formal  letter  of  inquiry  was  addressed  to  the  Adjutant-General  of  the  U.  S.  Army, 
and  under  date  of  June  17  the  following  reply  was  received: 

"June  17,  1899. 

"The  President, 

•"  Massachusetts  Agricultural  College,  Amherst,  Mass. 
"Sir:  Referring  to  your  letter  of  June  15,  1899,  requesting  information  as  to  the 
time  military  colleges  may  expect  the  return  of  officers  of  the  Army  to  duty  as  pro- 
fessors thereat,  I  have  the  honor  to  inform  you,  by  direction  of  the  Acting  Secretary 
of  War,  that  the  number  of  officers  invalided  in  consequence  of  recent  campaigns  is 
so  great,  and  so  many  have  necessarily  been  detailed  for  staff  work  and  duty  con- 
nected with  the  Volunteer  Army,  as  to  render  it  impracticable  to  detach  officers  for 
the  purpose  indicated.  It  is  not  likely  that  these  details  will,  be  resumed  until  the 
hostilities  in  the  Philippines  shall  come  to  an  end  and  the  situation  in  Cuba  shall 
have  become  more  settled. 

"Very  respectfully,  "H.  C.  Corbin, 

"Adjutant- General." 

It  is  quite  evident  that  until  the  situation  in  the  Philippines  improves  it  will  be 
impossible  for  college  details  to  be  made.  The  exigencies  of  war  demand  the  serv- 
ices of  all  available  officers.  The  employment  of  retired  officers  has  been  suggested 
at  the  War  Department.  This  is  open  to  serious  objection:  First,  the  necessity  of 
bringing  up  to  full  pay  the  salaries  of  those  persons  detailed,  which  would  practically 
exclude  from  its  benefits  the  younger  and  poorer  institutions;  and,  second,  the 
employment  of  officers  retired  on  account  of  physical  disability. 

At  a  special  meeting  of  your  committee,  called  in  Washington  during  the  winter, 
the  following  action  was  taken: 

(1)  President  M.  H.  Buckham,  of  Vermont,  was  asked  to  draw  up  and  present  at 
this  convention  resolutions  in  memory  of  the  late  Justin  S.  Morrill,  of  Vermont. 

(2)  President  George  W.  Atherton,  of  Pennsylvania,  was  requested  to  prepare  an 
address  on  the  life  and  services  of  Senator  Morrill,  and  his  relations  to  this  Associa- 
tion, to  be  delivered  at  the  convention  of  1900. 

(3)  April  14,  1899,  the  anniversary  of  Mr.  Morrill's  birth,  was  designated  as  a  day 
to  be  observed  with  appropriate  exercises  in  those  institutions  benefiting  by  the 
several  acts  whose  passage  he  was  instrumental  in  securing. 

(4)  It  having  been  brought  to  the  attention  of  your  committee  that  the  Senate  had 
referred  to  its  Library  Committee  a  resolution  to  procure  a  bust  of  the  late  Senator 
Morrill,  it  was  voted  to  offer  to  the  committee  the  marble  bust  owned  by  the  Associa- 
tion, and  the  chairman  was  directed  to  prepare  a  letter  stating  the  relations  of  this 
Association  to  Mr.  Morrill  and  the  terms  of  the  gift.  The  following  is  a  copy  of  the 
letter  sent: 

"The  Hon.  G.  Peabody  Wetmore, 

' '  Chairman  Library  Committee,  Washington,  D.  C. 

"Dear  Sir:  I  am  directed  by  the  executive  committee  of  the  Association  of  Ameri- 
can Agricultural  Colleges,  organized  under  the  provisions  of  the  act  of  Congress 
of  July  2,  1862,  known  as  the  'Morrill  Act,'  to  tender  to  your  committee  a  marble 
bust  of  the  late  Senator  Justin  S.  Morrill. 

"This  bust  was  made  of  Vermont  marble,  five  or  six  years  since,  by  the  celebrated 
sculptor,  W.  W.  Story,  from  the  only  life  mask  ever  taken  of  the  distinguished  Sena- 
tor, and  was  paid  for  by  contributions  from  the  institutions  organized  and  established 
under  the  act  above  named,  as  a  loving  tribute  to  the  author  of  said  legislation, 
which  has  done  so  much  to  promote  the  education  of  the  industrial  classes. 

"The  committee  tenders  the  bust  unconditionally,  with  the  suggestion  that,  if 
accepted,  it  be  placed  in  the  National  Library,  with  a  tablet  giving  its  history  and 
setting  forth  the  fact  that  it  is  presented  to  the  nation  by  the  institutions  above 
named,  and  that  a  time  be  fixed  when  it  may  be  presented  formally  with  'appro- 
priate ceremonies.' " 

The  chairman  of  the  Library  Committee  was  at  that  time,  unfortunately,  ill  in 
New  York,  and  Congress  very  shortly  thereafter  adjourned.  To  this,  perhaps,  may 
be  ascribed  the  reason  that  up  to  this  date  no  formal  reply  has  been  received. 

Conformable  to  instructions,  your  committee  has  kept  in  touch  with  the  other 
special  committees  appointed  at  the  last  annual  convention,  meeting  with  them  from 
time  to  time  and  giving  such  aid  as  lay  in  its  power.  Its  report  will,  therefore,  in  a 
measure  take  the  place  of  more  formal  reports  not  yet  ready  to  be  made. 

The  committee  on  military  instruction  in  the  land-grant  colleges,  organized 
immediately  after  the  adjournment  of  the  last  convention,  elected  President  George 
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W.  Atherton,  of  Pennsylvania,  chairman,  and  President  A.  W.  Harris,  of  Elaine, 
secretary.  President  Dabney's  paper,  read  at  the  last  convention,  was  laid  before 
the  committee,  which  decided  not  to  take  action  in  regard  to  it  until  the  statistics  on 
which  it  was  based  should  be  completed.  Investigations  were  begun  to  determine  a 
course  of  action  which  should  lead  to  increased  advantages  for  the  graduates  of  the 
military  departments  of  the  land-grant  colleges. 

Several  tentative  plans,  as  worked  out  by  a  subcommittee,  were  laid  before  a  joint 
session  of  the  executive  and  special  committees  at  Washington  in  February.  It  did 
not  seem  practicable  nor  advisable  to  introduce  any  measures  in  the  last  "Congress, 
and  a  continuation  of  investigations  was  ordered.  These  have  not  been  completed, 
but  it  is  believed-  that  nothing  could  have  been  accomplished  during  the  present 
year.  There  are  many  difficulties  in  determining  just  what  plans  should  be  adopted, 
and  some  time  will  be  needed  for  perfecting  the  plans. 

The  committee  oh  graduate  work  met  once  during  the  year  in  conjunction  with 
the  executive  committee,  at  Washington,  D.  C.  A  committee  from  the  regents  of 
the  Smithsonian  Institution  had  been  appointed  to  examine  into  the  various  plans 
submitted  for  furnishing  facilities  for  graduate  work  at  Washington,  and  report  at  a 
future  meeting.  Interviews  were  held  with  different  members,  but  no  definite  con- 
clusions have  yet  been  reached.  Tending  in  the  same  direction  is  the  establishment 
of  an  eligible  register  for  the  position  of  scientific  aid  in  the  Department  of  Agricul- 
ture.   Director  True  will  later  explain  more  in  detail  its  aims  and  purposes  (see 

P-  52)-  '  .  ,       .  . 

The  committee  on  establishment  of  engineering  experiment  stations  has  not  felt 

that  the  time  was  ripe  for  furthering  the  measure  intrusted  to  its  care,  and  has  waited 

until  favorable  action  seems  more  feasible  than  at  present.    The  interests  involved 

in  the  questions  committed  to  the  above  committees  are  of  such  magnitude  and  open 

up  such  possibilities  that  the  executive  committee  recommends  the  continuance  of 

the  committees  on  military  instruction,  graduate  work,  and  engineering  experiment 

stations,  Avith  instructions  to  take  such  action  as  may  seem  to  them  wise  in  the 

premises. 

In  the  Congressional  session  of  1898  a  compromise  was  effected  on  the  free  home- 
stead measure,  by  which  payments  required  from  settlers  on  the  lands  opened  up  by 
the  Government  were  deferred  for  two  years.  In  the  next  Congress  some  measure 
will  probably  be  introduced  for  their  relief.  Strenuous  effort  must  be  made  to  place 
the  Morrill  annuity  on  a  permanent  basis,  and  to  secure  this  desirable  result  should 
be  the  aim  of  every  member  of  this  Association. 

The  question  of  the  disposition  of  the  medal  and  diploma  awarded  at  the  Colum- 
bian Exposition  for  the  cooperative  exhibit  of  the  experiment  stations  has  been 
referred  to  the  executive  committee.  This  award  was  made  out  in  the  name  of  Dr.  H. 
P.  Armsby,  as  chairman  of  the  committee,  and  is  now  in  his  possession.  The  execu- 
tive committee  refers  the  matter  to  the  whole  convention,  with  the  recommendation 
that  the  medal  and  diploma  be  placed  for  permanent  keeping  in  the  Office  of  Experi- 
ment Stations,  Department  of  Agriculture,  Washington,  D.  C. 

In  conclusion,  your  committee  desires  to  place  on  record  its  appreciation  of  the 
work  done  by  your  bibliographer,  particularly  in  his  reference  to  the  bibliographies 
published  on  various  subjects.  No  greater  help  can  be  offered  to  the  student  than 
such  compilations.  It  is  a  ready  reference  to  work  already  done,  and  gives  him  the 
starting  point  for  further  research  and  investigation. 

In  behalf  of  the  executive  committee. 

Henry  H.  Goodell,  Chairman. 

On  motion  the  report  was  accepted. 

The  following  is  a  summary  of  the  report  submitted  by  the  treasurer: 

Summary  of  Report  of  Treasurer  of  the  Association,  November  11,  1898,  to 

July  5, 


Amount  on  hand  November  11,  1898   S556.  04 

Amount  received  from  dues   1 ,  000.  00 

Total   3,556.04 

Amount  paid  for  bills  on  approval  of  chairman  of  the  executive  committee.      493.  64 

Balance   1,062.40 

The  auditing  committee  appointed  by  the  chairman  submitted  the  following  report, 
which  was  accepted: 

We  have  examined  the  accounts  and  find  the  same  to  be  correct  and  exceptionally 
well  kept.    We  find  a  balance  on  hand  of  one  thousand  sixty-two  dollars  and  forty 


14 


cents  ($1,062.40).  Receipted  vouchers  are  on  file  for  each  expense  account.  All 
bills  are  itemized,  with  one  exception. 

We  would  suggest  that  traveling  expense  accounts  against  this  Association  be  sepa- 
rated into  railroad  fare,  board,  and  incidental  expenses  before  presenting  same  for 
approval  and  payment. 

Respectfully  submitted.  M.  A.  Scovell, 

G.  W.  Flint, 
S.  M.  Emery, 

Committee. 

J.  L.  Hills,  of  Vermont,  read  the  report  of  the  Section  on  Agriculture  and  Chemis- 
try. 

Report  of  Section  on  Agriculture  and  Chemistry. 

The  constitution  of  this  Association  very  properly  limits  a  chairman  to  twenty 
minutes'  discussion  of  matter  pertaining  to  his  section.  This  needful  regulation  in 
the  present  case  has  proved  somewhat  embarrassing.  The  stations  do  too  much  agri- 
cultural and  chemical  work  to  admit  of  its  digestion  and  epitomization  in  so  brief  a 
period.  I  find  myself,  moreover,  between  the  Scylla  and  Charybdis  of  making  a 
catalogue  of  titles  of  experiments  on  the  one  hand,  and  perhaps  of  unfair,  and  cer- 
tainly ungracious  discrimination  on  the  other;  into  which  discrimination,  moreover, 
the  personal  equation  must  inevitably  enter.  Then,  too,  much  of  the  best  station 
work  is  of  the  continuous,  persistent,  nonspectacular  nature,  which  does  not  appear 
to  advantage  in  such  a  summary  as  this.  Again,  purely  chemical  work  naturally 
comes  before  the  Association  of  Official  Agricultural  Chemists,  which  meets  here  on 
the  same  dates  as  this  body.  And,  finally,  much  station  effort  that  is  not  purely 
agricultural  or  chemical,  yet  bearing  no  relation  to  natural  history,  is  more  nearly 
within  the  scope  of  this  than  of  other  sections. 

It  is  little  wonder  that  several  section  chairmen  follow  the  spirit  rather  than  the 
letter  of  the  law,  and  present  general  considerations,  always  of  much  interest,  instead 
of  reports  of  progress. 

These  reasons  cause  me  much  misgiving  as  I  submit  a  most  superficial  report  of 
progress  within  the  past  two  years,  based  on  the  replies  received  from  the  agricul- 
turists and  chemists  of  about  forty  stations,  to  the  questions,  "  AVhat  experimental 
inquiries  have  been  completed  and  reported  within  the  past  two  years  from  your 
station?"  and  "What  do  you  consider  the  salient  result  of  each?"  In  case  of  failure 
to  reply,  I  have  drawn  upon  published  records  as  best  1  could. 

College  instruction  in  agriculture  and  chemistry  has  not  been  considered.  The 
teaching  of  agriculture  is  a  special  topic  for  discussion  at  this  convention;  that  of 
chemistry  would  interest  but  few  in  this  body. 

For  convenience,  I  have  subdivided  the  matter  according  to  the  classification  of  the 
Experiment  Station  Record. 

Chemistry. — Among  the  more  purely  chemical  problems  reported,  may  be  cited 
investigation  of  the  composition  of  the  kernels  of  corn  and  wheat  in  Illinois  and 
Arkansas,  and  of  the  alfalfa  plant  at  various  stages  of  growth  in  Utah  and  Colorado. 
The  Connecticut  State  Station  continues  its  monumental  work  on  vegetable  proteids, 
and  also  has  done  considerable  work  in  the  matter  of  the  availability  of  organic  nit  rogen 
in  fertilizers,  as  have  also  Virginia  and  Vermont.  The  poisonous  principles  of  sundry 
plants  have  been  isolated  at  New  Hampshire  and  North  Dakota.  Several  stations 
have  worked  in  the  inexhaustible  mine  of  the  nitrogen-free  extract. 

Water  and  soils. — Irrigation  and  irrigation  waters  have  been  studied  at  several  points. 
The  cooperative  work  of  the  Department,  and  certain  stations  in  the  States  more 
immediately  interested  in  this  matter,  bids  fair  to  furnish  much  valuable  information. 
Oklahoma,  Colorado,  and  Utah  have  been  particularly  active  in  this  field,  while  New 
Jersey  and  Connecticut  have  shown  something  of  the  possibilities  in  humid  regions. 

Soils  have  been  quite  widely  studied.  The  renovation  of  worn-out  soil  has  been 
studied  in  South  Carolina  and  Mississippi,  and  is  very  properly  said  to  be  the  most 
vital  problem  confronting  the  Southern  farmer.  Minnesota  and  North  Dakota  have 
studied  the  humus  contents  of  soils,  and  the  relation  thereof  to  rotation  systems,  to 
type  of  farming,  and  to  fertility.  The  Maine  and  Delaware  stations  have  issued  full 
bibliographies  of  publications  concerning  soil  bacteria,  particularly  of  the  nitrogen 
gathering  and  nitrifying  classes,  and  have  done  original  work  thereon.  The  States 
of  the  far  West  have  quite  generally  continued  their  inquiries  touching  alkali  soils, 
their  formation  and  betterment.  Both  irrigation  and  alkali  will  be  fully  discussed  in 
section  meetings. 

Fertilizers. — Several  stations  have  reported  fertilizer  tests  of  the  usual  sort,  and  oth- 
ers, particularly  in  New  England  and  the  Middle  -States,  greenhouse,  pot,  or  plat  work 
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of  a  more  advanced  type,  in  which  it  is  attempted  to  measure  the  foraging  powers  of 
sur.dry  plants  for  divers  fertilizing  ingredients. 

The  effect  of  fertilization  upon  the  composition  of  crops  has  been  further  studied  in 
Connecticut,  Vermont,  and  Virginia,  the  general  outcome  indicating  thar  gross  yield 
rather  than  composition  is  affected  by  changes  in  fertilization.  Notable  exceptions 
were  observed,  yet  there  seems  greater  reason  than  hitherto  to  extend  to  plant  feeding 
the  generalization  long  applied  to  animal  feeding — that  quantity  is  a  food  result,  and 
quality  inherent  in  the  individual  or  the  breed.  The  plant  food  resources  of  several 
States  have  been  studied  by  their  respective  stations — marls  in  Virginia  and  phos- 
phates in  Pennsylvania  and  Kentucky.  Outside  of  the  fertilizer  triad  (nitrogen, 
phosphoric  acid,  and  potash)  another  trio  (lime,  soda,  and  iron)  has  been  studied. 
Massachusetts  has  proved  the  uselessness  of  sulphate  of  iron  under  her  soil  condi- 
tions, and  Rhode  Island  has  added  still  further  work  to  that  already  published 
touching  the  value  of  lime  as  an  amendment  to  acid  soils.  The  same  station  has 
also  found  that  for  some  plants  soda,  in  the  presence  of  limited  amounts  of  potash, 
might  have  a  direct  or  indirect  manurial  action. 

As  usual,  most  of  the  States  east  of  the  Mississippi  have  carried  the  burden  of  large 
amounts  of  routine  fertilizer  analyses  under  State  laws. 

Field  crops. — The  cooperative  work  of  the  Department  and  the  stations  has  aided 
materially  in  defining  the  sugar-beet  belt.  Most  of  the  stations  have  entered  into  this 
work,  and  those  located  between  the  fortieth  and  forty-fifth  parallels  and  on  the  Pacific 
slope  report  success.  In  many  cases  areas  within  State  lines  have  been  defined,  and 
the  erection  of  factories  has  in  many  cases  followed.  Michigan  reports  that  nine  fac- 
tories have  been  or  are  being  built,  predicated  on  station  investigations. 

It  may  be  broadly  stated  that,  beginning  on  the  east  with  New  York,  and  contin- 
uing to  the  Pacific,  the  States  lying  in  part  or  wholly  between  the  fortieth  and  forty- 
fifth  parallels  (except  Missouri)  can  grow  sugar  beets  advantageously.  This  was 
fairly  well  known  before,  but  late  work  has  clinched  the  matter.  In  this  connection, 
reference  should  be  made  to  sorghum  investigation  in  Delaware,  to  the  sugar-cane 
work  in  Louisiana,  and  the  homemade  sirup-making  work  of  the  Florida  Station.  - 

Alfalfa  merits  and  still  receives  attention.  The  New  York  State  Station  and  the 
New  Jersey  stations  have  shown  that  it  may  be  grown  successfully  in  many  parts  of 
the  East  if  it  is  brought  up  on  the  bottle,  so  to  speak,  for  the  first  year  or  two. 
Many  of  the  Western  stations  have  continued  investigation  on  it  from  many  stand- 
points— chemical,  cultural,  and  others.  An  interesting  observation  reported  from 
Idaho  indicates  that,  like  saltbush,  alfalfa  may  serve  not  only  to  keep  down,  but  to 
eliminate  alkali. 

Corn  and  cotton,  the  sometime  rival  kings,  have  received  homage  in  the  South 
Atlantic  and  middle  West  regions,  in  the  form  of  variety,  fertilizer,  and  cultural 
tests.  Similarly  the  grains,  particularly  wheat,  have  received  attention  in  the  middle 
and  far  West. 

Forage  crops  for  hay,  soiling,  silage,  green  manuring,  and  the  like  have  been 
under  observation  at  most  of  the  stations,  several  of  which  have  reported  at  length. 

A  host  of  crops  have  been  tried,  and  in  various  sections  the  millets,  alfalfa,  Aus- 
tralian saltbush,  the  sundry  clovers,  peas,  vetches,  and  beans  and  rape  have  been 
deemed  worthy  of  extended  study. 

The  potato  has  been  largely  grown  and  tested,  particularly  along  cultural  and  fer- 
tilizer lines.  The  starch  content  of  the  white  and  sweet  varieties  has  been  investi- 
gated with  singular  unanimity  by  the  stations  in  the  South  Atlantic  States,  which 
find  them  larger  producers  of  starch  to  the  acre  than  are  the  cereals. 

A  wide  number  of  special  field  crops,  such  as  ginseng,  cassava,  castor  bean,  chic- 
ory, canaigre,  and  salt-marsh  hay,  have  been  grown  and  studied  with  a  view  of 
broadening  agricultural  production.  An  elaborate  study  of  the  root  systems  of  sun- 
dry crops  has  been  made  in  North  Dakota,  and  finally  the  soil  and  seed  inoculation 
method  using  "nitragin"  has  been  tried  with  varying  results  in  Massachusetts  and 
Alabama. 

Food  and  animal  production. — The  joint  work  of  the  Department  and  of  certain 
stations  is  rapidly  adding  to  the  sum  of  human  knowledge  touching  the  fundamen- 
tals of  human  as  wrell  as  brute  nutrition.  The  completion  of  the  respiration  calorim- 
eter of  the  Storrs  Station  marks  an  epoch.  The  determination  of  the  food  value  of 
limited  amounts  of  alcohol,  of  the  influence  of  mental  and  of  physical  work  upon  the 
metabolic  products,  and  of  other  matters  are  of  the  highest  interest.  The  dietary 
studies  of  Dr.  Atwater  and  his  colaborers  in  his  own  and  other  stations,  among  the 
poor  of  large  cities,  negroes,  Mexicans,  American  farmers,  college  students,  etc.,  are 
bearing  much  fruit. 

The  composition  of  food,  of  bread,  of  flours,  the  effects  of  the  composition  of  wheat 
on  bread  making,  etc.,  are  being  studied  at  several  points,  notably  in  Maine  and 
Minnesota. 
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Several  stations  in  the  East  are  engaged  or  are  about  to  engage  in  the  battle  against 
the  great  wrong  of  adulteration  and  misbranding  of  human  and  animal  foods.  Maine, 
Massachusetts,  Connecticut  (State) ,  Pennsylvania,  and  North  Carolina  have  done  the 
most  in  this  line.  The  Connecticut  Station  reports  that  as  a  result  of  publicity  "the 
amount  of  adulterated  food  products  sold  in  the  State  has  been  materially  reduced." 
The  "poor  man's  breakfast  table"  owes  something  to  the  work  of  the  New  Jersey 
and  Wyoming  stations  on  the  manifold  prepared  cereal  foods,  wrhich  show  their  com- 
position and  the  relation  between  cost  and  nutritive  worth.  The  dinner  table  of  the 
well  to  do  has  not  been  forgotten,  for  the  Maine  Station  is  about  to  publish  a  bulletin 
showing  the  feeding  value  of  nuts. 

Maine,  New  York,  and  North  Carolina  report  further  work  in  digestion  experimen- 
tation. In  one  case  the  interesting  and  significant  statement  is  made  that  the  testi- 
mony of  digestion  experiments  more  and  more  confirms  the  notion  that  "present 
feeding  tables  are  excellent  guides,  since  the  actual  digestibility  of  several  rations 
and  their  digestibility  as  calculated  from  tables  agree  very  closely; "  also  that  "rations 
drawn  from  unlike  sources  proved  about  alike  in  value." 

The  experimental  feeding  of  cows  has  been  continued  at  several  stations,  notably 
Maine,  Massachusetts,  Vermont,  Connecticut  (Storrs) ,  New  York  (State) ,  Pennsyl- 
vania, North  Carolina,  Wisconsin,  Michigan,  and  Minnesota.  Many  trials  of  divers 
rations  have  served  to  measure  to  some  extent  their  milk-making  properties.  The 
feeding  values  of  by-products  have  been  tested,  as  well  as  the  effect  upon  production 
of  variation  in  the  methods  of  handling  and  harvesting  roughages. 

In  addition  to  these  definite  practical  problems,  trials  of  a  more  general  nature 
have  afforded  information  touching  the  wisdom  of  heavy  grain  feeding,  the  relation 
of  protein  to  profit,  the  proper  length  of  feeding  periods,  the  extent  of  the  experi- 
mental error,  and  the  correctness  of  the  several  feeding  standards.  The  time-honored 
question  as  to  the  effect  of  food  upon  the  quality  of  milk  has  been  reheard,  and  the 
former  verdict  reaffirmed. 

The  New  York  State  Station  has  reported  a  most  interesting  experiment,  which 
places  beyond  cavil  the  fact  that  milk  fat  may  be  formed,  in  part  at  least,  from 
carbohydrates. 

The  Maryland  Station  has  fed  horses  in  an  experimental  way,  New  Hampshire 
calves,  and  Wisconsin  and  Colorado  lambs.  A  prolonged,  laborious,  and  most  pains- 
taking investigation  touching  the  maintenance  ration  has  been  reported  by  the  Penn- 
sylvania Station,  which  decidedly  enlarges  our  knowledge  of  this  fundamental. 

The  "American  hog"  has  been  fed  in  every  section  on  dairy  by-products,  sundry 
grains  and  their  by-products,  peanuts,  cowpeas,  pumpkins,  and  artichokes;  while 
poultry  of  divers  sorts  has  been  studied  in  Massachusetts,  Ehode  Island,  New  York, 
and  West  Virginia,  and  egg  preservation  in  North  Dakota. 

Dairying  is  still  given  large  attention.  The  efficiency  of  apparatus  of  several  sorts, 
and  the  theory  and  practice  of  pasteurization,  are  reported  from  several  stations. 
Further  light  has  been  thrown  on  dairy  bacteriology  by  the  work  of  the  Cornell, 
Pennsylvania,  Delaware,  Iowa,  and  Wisconsin  stations.  The  latter  station  has  made 
and  is  pursuing  most  interesting  investigations,  promising  great  fruitfulness,  in  the 
unorganized  ferments  of  milk  and  their  relation  to  the  phenomena  of  cheese  ripening. 
More  recent  reports  from  Massachusetts,  Pennsylvania,  and  Wisconsin  do  not  bear 
out  the  large  claims  made  for  pure  cultures  as  a  panacea  in  butter  making.  While 
making  poor  butter  better  they  do  not  seem  to  improve  good  butter. 

The  effect  of  the  character  of  feed  upon  butter  quality  has  been  studied  at  Maine, 
Vermont,  and  Oregon,  with  the  result  of  bringing  out  the  fact  that  the  fat  content  of 
the  food  more  than  any  other  one  factor  governs  its  effect  on  the  grain  of  the  butter. 
Herd  records,  variations,  economical  dairy  feeding,  and  the  like  have  been  studied 
at  Cornell,  Michigan,  Delaware,  Texas,  Oregon,  and  elsewhere;  and,  finally,  lest  so 
much  good  work  should  spoil  before  digestion,  the  Vermont  Station  has  studied  milk 
preservatives,  while  Wisconsin  has  made  the  first  thorough  study  in  this  country, 
chemically,  physically,  and  microscopically,  of  dairy  salts. 

Veterinary  science  and  practice. — Tuberculosis  continues  to  engage  the  attention  of 
some  Eastern  stations.  The  reliability  of  the  tuberculin  test  being  established,  ques- 
tions of  policy  have  arisen.  Storrs,  Cornell,  New  Jersey,  North  Carolina,  Ohio,  and 
Kansas  have  studied  such  moot  points  as  the  wisdom  of  the  slaughter  of  all  reacting 
animals,  the  practicability  of  the  policy  of  isolation  and  attempted  cure,  curative 
effects  ol  tuberculin,  raising  calves  on  pasteurized  tuberculous  milk,  and  the  like.  It 
has  been  shown  that  if  enough  care  is  used  in  isolation,  pasteurization,  calf  removal, 
etc.,  it  is  possible  to  raise  a  healthy  herd  from  a  diseased  one,  and,  indeed,  to  sell 
the  milk  or  its  products  from  the  less  diseased  animals.  There  has  been  a  decided 
tendency  toward  reaction  from  the  position  held  some  years  ago,  and  less  slaughter 
and  more  treatment  is  being  urged.    It  is  the  writer's  judgment,  however,  that  the 
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system  of  gradual  eradication,  while  successful  under  ideal  conditions,  is  impracti- 
cable with  most  farmers;  that  the  game  is  not  worth  the  candle;  that  the  dangers  of 
failure  outweigh  the  chances  of  success  on  most  farms.  Given  a  State  with  a  small 
percentage  of  infection,  eradication  is  the  best  policy. 

Missouri  reports  success  with  inoculation,  dipping,  and  pasture  disinfection  against 
Texas  fever;  that  "a  profound  influence  upon  the  movement  of  cattle  between  the 
Northern  and  Southern  States"  has  been  exerted  by  their  experiments.  Cornell  and 
Vermont  have  made  a  beginning  in  the  study  of  infectious  abortion  among  cows,  and 
Delaware  has  continued  the  study  of  anthrax. 

Police  work. — To  one  phase  of  endeavor  I  have  but  briefly  alluded — inspection  or 
police  work.  The  stations  west  of  the  Mississippi  have  as  yet  been  called  upon  for 
but  little  of  this  class  of  work,  but  in  the  East  its  burden  and  variety  is  yearly  increas- 
ing. The  advisability  of  such  work,  its  effect  upon  the  regular  inquiries,  the  policy 
the  stations  should  adopt  toward  it,  seem  matters  worth  consideration.  Having  been 
forced  to  clarify  my  own  ideas  on  this  matter  because  of  proposed  legislation,  I  was 
naturally  interested  to  note  how  others  viewed  the  matter.  I  therefore  wrote  the 
several  station  directors  and  received  answers  from  more  than  two-thirds  of  the  entire 
number. 

Almost  every  station  east  of  the  Mississippi  directly  or  indirectly  does  inspection 
work.  Only  four  stations  west  of  that  stream  are  thus  burdened.  The  listof  inspected 
articles  includes  commercial  fertilizers  and  feeding  stuffs,  seeds,  human  foods,  water 
supplies,  Paris  green,  creamery  glassware  and  apparatus,  nursery  stock,  and  cattle; 
and  it  is  suggested  that  drugs,  liquors,  and  plant  disease  control  be  added. 

These  lines  of  work  are  always  carried  out  under  State  laws  and  are  paid  for  with 
State  funds  or  from  license  fees.  It  is  invariably  found  to  be  highly  acceptable  to  the 
station  constituency,  being  often  the  most  popular  work  done. 

Wide  divergence  of  opinion  was  found  among  the  station  directors  as  to  the  effect 
of  this  class  of  inquiry  upon  regular  research  work.  In  general  the  Westerners  con- 
sider themselves  fortunate  in  being  free  from  it. 

Twelve  of  the  Eastern  directors  reporting  believe  it  on  the  whole  an  aid,  seven  a 
detriment,  and  with  one  it  is  not  an  issue.  A  careful  study  of  the  replies,  and  of  the 
relationship  of  those  responding  to  this  class  of  work,  leads  me  to  believe  that  those 
most  conversant  therewith  generally  believe  its  benefits  outweigh  its  disadvantages. 
There  are  strong  arguments  both  pro  and  con  in  the  matter.  The  most  serious  of 
arguments  against  it  are  clearly  that  it  distracts  from  higher  and  more  legitimate 
work  and  antagonizes  powerful  interests.  Of  course  the  matter  is  largely  a  local 
issue.  Delaware  can  not  treat  the  subject  as  can  New  York.  I  see  a  possible 
danger  that  station  enterprise  may  be  too  largely  directed  in  these  lower  channels. 
Yet  I  believe  it  possible  so  to  systematize  the  work  by  selection  of  time,  by  employ- 
ment of  special  hands,  by  deputization,  etc.,  as  to  minimize  interruption  and  detri- 
ment to  such  an  extent  that  the  acknowledged  advantage  of  added  popular  appre- 
ciation and  good  will  will  be  more  than  an  offset.  Centralization  is  the  modern 
tendency,  and  the  centralization  of  scientific  and  semiscientific  agricultural  work 
in  each  State  at  its  college  and  station  is  the  part  of  wisdom.  I  am  inclined  to  believe 
that  administrative  duties  under  such  enactments  were  better  left  to  State  depart- 
ments of  agriculture,  provided  harmonious  relations  are  maintained  between  station 
and  department,  leaving  to  the  former  solely  the  duties  of  sampling,  analytical  work, 
and,  perhaps,  of  interpretation  of  the  results. 

What  attitude  ought  the  stations  to  take  concerning  further  work  of  this  kind?  I 
believe  that  as  a  rule  it  were  the  part  of  wisdom  for  them  to  imitate  Dickens's  shy 
suitor,  Barkis,  for  them,  like  him,  to  be  "willing,"  but  not  urgent,  to  advise,  to 
counsel,  to  point  out  the  value  of  adequate  inspection  work  in  sundry  lines  when 
called  upon;  perhaps  in  some  cases  mildly  to  urge,  but  not  as  a  rule  to  take  the 
initiative. 

J.  L.  Hills,  Chairman. 

A  brief  verbal  report  from  the  Section  on  Mechanic  Arts  was  presented  by  C.  S. 
Murkland,  of  New  Hampshire.  He  touched  upon  the  proposed  legislation  for  estab- 
lishing engineering  experiment  stations,  which  it  has  been  decided  not  to  push  at 
present,  and  pointed  out  that  the  experimental  work  in  this  department  was  largely 
being  done  by  the  students  instead  of  by  investigators.  He  gave  some  illustrations 
of  the  work  in  progress  and  brought  out  the  value  of  this  work  in  mechanic  arts  for 
developing  "force"  in  the  student. 

H.  H.1  Goodell,  of  Massachusetts.  It  is  with  great  sorrow  that  I  have  to  announce 
the  illness  of  Dr.  Hilgard.  He  has  been  looking  forward  for  years  to  the  meeting 
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of  the  convention  in  San  Francisco.  He  has  now  been  ill  for  several  weeks,  and  will 
be  unable  to  be  present  himself,  and  will  probably  be  unable  to  see  members  of  the 
Association  at  his  place  at  Berkeley.  (For  resolution  regarding  Professor  Hilgard, 
see  p.  44.) 

H.  W.  Wiley,  secretary  of  the  Association  of  Official  Agricultural  Chemists, 
announced  that  the  meetings  of  that  association  would  be  held  in  connection  with 
those  of  the  other  association,  but  had  been  so  arranged  as  not  to  interfere  with  the 
general  meetings  or  those  of  the  sections. 

A.  C.  True,  of  Washington,  D.  C.  I  am  prepared  to  make  a  brief  report  for  the 
committee  on  indexing  agricultural  literature.  I  regret  to  have  to  state  that  this 
committee  has  not  made  the  progress  it  was  hoped  it  would  at  the  time  when  the 
Washington  convention  was  held.  Those  of  you  who  were  present  at  that  conven- 
tion will  remember  that  the  preliminary  work  in  cataloguing  a  list  of  books  to  be 
indexed  was  undertaken  bv  the  librarian  of  the  Department  of  Agriculture,  and  he 
expressed  his  hope  that  he  would  be  able  to  make  up  a  catalogue  of,  say,  a  thousand 
books  during  the  succeeding  year.  This  was  on  the  presumption  that  he  would 
receive  sufficient  encouragement  from  Congress  to  enable  him  to  employ  at  least  one 
additional  person.  Congress,  however,  not  only  failed  to  increase  the  appropriation 
for  our  library,  but  actually  decreased  it.  I  have  here  a  letter  from  the  librarian, 
which  will  explain  the  situation: 

U.  S.  Department  of  Agriculture,  Library, 

Washington,  D.  C,  June  21,  1899. 

Dr.  A.  C.  True, 

Director  Office  of  Experiment  Stations. 

Sir:  As  a  member  of  the  committee  on  indexing  agricultural  literature,  of  the 
Association  of  Agricultural  Colleges  and  Experiment  Stations,  I  have  to  report  that 
during  the  year,  since  the  last  meeting  of  the  Association,  the  only  work  that  has 
been  done  on  the  line  of  the  plan  suggested  at  the  last  meeting  is  the  selection  and 
cataloguing  of  some  one  hundred  books  on  the  subject  of  agriculture,  to  be  indexed 
later.  The  time  and  force  at  the  disposal  of  the  librarian  is  so  small,  and  the 
necessity  of  moving  the  library  in  order  that  necessary  repairs  to  the  quarters  might 
be  made,  has  made  it  impossible  to  do  all  that  should  have  been  done.  It  has 
become  plainly  evident  that  a  force  especially  for  this  work  should  be  provided  if 
any  especial  progress  is  to  be  made. 

During  the  past  year  the  library  has  issued  a  list  of  the  publications  on  forestry 
which  it  possesses,  being  the  most  complete  bibliography  of  forestry  yet  published. 
There  is  in  preparation  a  list  of  the  books  and  articles  relating  to  the  Angora  goat,  a 
subject  of  present  interest. 

The  librarian  has  in  contemplation  the  issue  of  a  card,  author,  and  subject  index 
to  the  publications  of  the  Department  of  Agriculture,  and  would  like  the  opinion  of 
the  Association  as  to  the  value  of  such  an  index.  The  idea  is  to  issue  with  each 
publication  of  the  Department  sent  to  the  libraries  on  its  mailing  list,  and  inclosed 
with  the  publication  a  set  of  cards  which  will  give  catalogue  and  index  entries  from 
the  subject  and  author  sides,  so  that  it  will  be  possible  for  a  library  or  institution 
receiving  the  index  to  have  a  complete  catalogue  of  the  publications  of  the  Depart- 
ment, kept  up  to  date,  merely  by  arranging  the  cards  sent  in  alphabetical  order. 

Beginning  with  the  1st  of  July  more  attention  will  be  paid  to  the  card  index  of 
farm  journals  now  being  compiled,  and  an  attempt  will  be  made  to  extend  the  index 
to  cover  the  back  sets  of  such  journals.  Only  original  articles  will  be  indexed,  and 
the  work  will  be  in  charge  of  a  man  who  has  been  an  editor  of  one  of  the  prominent 
farm  papers,  and  who  has  a  good  insight  into  their  character. 
Very  respectfully, 

W.  P.  Cutter,  Librarian. 

It  is  evident  that  in  its  further  work  the  committee  will  need  the  support  of  the 
Association,  and  help  to  secure  the  necessary  funds  to  make  the  proposed  index, 
if  that  work  is  to  be  pushed  to  anything  like  a  speedy  conclusion. 

It  was  moved  that  the  suggestions  of  the  librarian  of  the  Department  of  Agricul- 
ture, as  embodied  in  the  report  of  the  committee,  be  approved.  Carried,  and  the 
report  of  the  committee  was  accepted. 
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A.  C.  True,  as  bibliographer  of  the  Association,  submitted  the  following  report: 
Report  of  Bibliographer  for  1899. 

During  the  months  which  have  elapsed  since  the  previous  meeting  of  the  Associa- 
tion your  bibliographer  has,  as  heretofore,  followed  up  the  literature  of  agricultural 
science  in  connection  with  his  official  duties.  Some  of  the  more  important  pieces  of 
bibliographical  work  which  have  been  brought  to  his  attention  are  summarized  in 
the  following  brief  statement: 

The  tenth  volume  of  the  Experiment  Station  Record  has  recently  been  completed. 
The  following  general  statistics  showing  the  amount  of  material  relating  to  agricul- 
tural science  which  that  publication  contains  may  not  be  without  interest  from  a 
bibliographical  standpoint:  • 
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17 
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4, 323 

6,994  285,623 
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323 

78 
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1,069 
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To  the  above  summary  of  the  contents  of  the  Record  should  be  added  a  statement 
of  the  contents  of  a  digest  of  reports  of  the  experiment  stations  for  1888,  published 
as  Bulletin  No.  2  of  the  Office  of  Experiment  Stations.  This  bulletin  contains 
abstracts,  covering  342  pages,  of  40  reports,  whose  aggregate  volume  is  4,797  pages. 

In  the  Office  of  Experiment  Stations  there  has  been  special  bibliographical  work 
as  follows: 

(1)  A  list  of  books  on  agricultural  and  related  sciences,  supplementary  to  circulars 
31  and  38  of  the  Office  of  Experiment  Stations.  One  feature  of  this  work  has  been 
the  collection  of  titles  of  such  books  published  in  Europe,  by  a  member  of  the  office 
force  who  has  been  spending  the  year  abroad. 

(2)  A  bibliography  of  nutrition  and  allied  topics  has  been  undertaken,  and  now 
includes  about  1,500  titles. 

(3)  The  bibliography  of  bread  and  kindred  topics  now  comprises  about  500  titles. 
The  library  of  the  Department  has  issued  a  list  of  the  publications  on  forestry  which 

it  possesses,  being  the  most  complete  bibliography  of  forestry  yet  published. 

Among  the  partial  bibliographies  of  different  subjects  recently  published  by  the 
experiment  stations  are  the  following: 

Chester,  F.  D.  Bibliography  of  soil  bacteria  in  their  relation  to  agriculture,  Dela- 
ware Station  Report  for  1898,  pp.  98-100. 

 .  Brief  bibliography  of  the  genus  Bacillus,  Delaware  Station  Report  for  1898, 

p.  132. 

Slingerland,  M.  V.  Bibliographv  of  grapevine  flea-beetle,  New  York  Cornell 
Station  Bulletin  157. 

 .  Brief  bibliography  of  quince  curculio,  New  York  Cornell  Station  Bulle- 
tin 148. 

Lowe,  V.  H.  Bibliographv  of  literature  relating  to  plant  lice,  New  York  State  Sta- 
tion Bulletin  139. 

 .  Brief  bibliographv  of  apple-tree  tent  caterpillar,  New  York  State  Station 

Bulletin  152. 

 .  Brief  bibliography  of  raspberry  sawfly  (Monophadnus  rubi),  New  York 

State  Station  Bulletin  150. 

 .  Brief  bibliography  of  cotton  wood  leaf  beetle  (Lina  scripla),  New  York 

State  Station  Bulletin  143. 

Quaintance,  A.  L.  Economic  bibliography  of  strawberry  thrips  (Thrips  iritici), 
Florida  Station  Bulletin  46. 
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Bioletti,  F.  T.  List  of  the  most  important  writings  on  the  olive  knot,  California 
Station  Bulletin  120. 

Duggar,  B.  M.  List  of  references  to  the  literature  of  beet  diseases,  New  York 
Cornell  Station  Bulletin  163. 

Among  other  recent  works  of  bibliographical  importance  on  subjects  relating  to 
agricultural  science  are  the  following: 

Bolton,  W.  Carrington.  Select  bibliography  of  chemistry,  1492-1892,  Misc.  Smith- 
sonian Collections  850.  This  work  contains  references  to  many  books  relating  to 
agricultural  chemistry. 

Butz,  G.  C.  List  of  references  to  publications  on  ginseng,  Pennsylvania  Dept.  Agr. 
Rpt.  1897,  pp.  634,  635. 

Hunter,  S.  J.  Brief  bibliography  of  3Ielanoplus  differentialis,  Contrib.  Ent.  Lab. 
Univ.  Kansas,  No.  65,  pp.  62, 63. 

Lintner,  J.  A.  Brief  bibliography  of  onion  thrips  (Thrips  tabaci),  Report  of  State 
Entomologist  of  New  York,  1895,  pp.  241,  242. 

Montemartini,  Luigi.  Bibliography  of  publications  relating  to  the  growth  of 
plants,  Atti  Inst,  Bot.  Univ.  Pavia,  2.  ser.,  5  (1899),  pp.  135-143. 

Ototski,  P.  V.  Literature  of  Russian  Soils,  1765-1896,  St.  Petersburg,  Imperial  Free 
Economic  Society,  1898. 

Bibliographical  index  of  works  published  on  tuberculosis  in  1898,  Rev.  Tuberculose, 
1898,  No.  4,  App.,pp.  16. 

Works  on  tuberculosis  published  in  1899,  Rev.  Tuberculose,  1899,  No.  1,  App.,  pp.  12. 

A.  C.  True,  Bibliographer. 

The  executive  committee  was  instructed  to  fill  two  vacancies  which  had  occurred 
in  the  committee  on  graduate  study.  Subsequently  the  committee  announced  that 
J.  E.  Stubbs,  of  Nevada,  and  A.  C.  True,  of  Washington,  D.  C,  had  been  selected  for 
these  positions. 

The  chairman  of  the  executive  committee  announced  that  the  members  of  the 
Association  had  received  an  invitation  to  be  present  at  a  reception  to  be  given  them 
by  the  State  Floral  Association  of  California  on  Friday,  from  3  to  6  o'clock,  in  the 
parlors  of  the  Occidental  Hotel.    The  invitation  was  accepted. 

Evening  Session,  Wednesday,  July  5,  1899. 

The  following  telegram  was  read  by  the  secretary  of  the  Association: 

Traer,  Iowa,  July  5,  1899. 

To  the  Association  of  Colleges  and  Stations: 

Greetings  from  sea  to  sea.  We  hail  the  workers  of  every  mind  as  brothers,  and 
put  our  shoulders  under  their  yokes  that  knowledge  may  increase  and  plenty  rule  in 
all  our  borders. 

James  Wilson, 
Secretary  of  Agricidture. 

The  secretary  was  directed  to  send  an  acknowledgment  of  the  telegram. 
H.  P.  Armsby,  of  Pennsylvania  (J.  E.  Stubbs,  of  Nevada,  presiding) ,  presented  the 
following  report,  which  was  accepted: 

Report  of  Committee  on  Collective  Station  Exhibit  at  the  Paris  Exposition. 

At  the  last  convention  your  committee  was  unable,  for  reasons  fully  explained  at 
that  time,  to  present  a  very  definite  report,  but  was  able  to  say  that  the  possibility  of 
an  exhibit  of  the  sort  proposed  was  assured.  Since  that  time  a  definite  assignment 
of  space  (12  by  57  feet)  for  the  exhibit  has  been  secured,  and  active  correspondence 
with  the  stations  has  been  carried  on,  with  a  view  to  obtaining  contributions.  The 
committee  takes  pleasure  in  acknowledging  at  this  time  the  very  generous  response 
which  it  has  received  and  in  saying  that  it  has  the  promise  of  abundant  material  for 
an  exhibit  which  will  be  a  credit  to  the  American  stations  and  serve  to  give  the 
countries  of  Europe  an  enlarged  idea  of  the  importance  of  the  work  which  is  being 
done  in  the  United  States.  We  desire  also  to  acknowledge  in  this  connection  the 
very  cordial  interest  and  support  of  the  honorable  Secretary  of  Agriculture  and  of 
his  official  representative,  the  Director  of  Agriculture  of  the  Exposition  Commission, 
Mr.  Charles  Richards  Dodge. 
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The  general  nature  of  the  exhibit  was  outlined  in  our  previous  report  and  need 
not  be  gone  into  in  detail  at  this  time,  but  may  be  briefly  recapitulated  as  follows: 

(1)  The  exhibit  is  to  be  an  exhibit  by  the  experiment  stations  only  and  not  by  the 
colleges. 

(2)  The  exhibit  is  to  be  a  collective  exhibit,  illustrating  the  work  of  the  experiment 
stations  as  a  whole  and  not  attempting  to  present  that  of  each  individual  station. 

(3)  The  contributions  are  to  be  prepared  at  the  cost  of  the  individual  stations  mak- 
ing them,  while  the  cost  of  transportation,  installation,  and  care  will  be  provided  for 
through  the  Department  of  Agriculture. 

(4)  The  exhibit  is  to  be  technical  in  character,  appealing  to  the  expert  rather  than 
to  popular  interest.  It  is  the  purpose  also,  while  holding  strictly  to  this  aim,  to  make 
the  effect  of  the  exhibit  as  artistic  and  decorative  as  possible. 

The  most  serious  embarrassment  which  the  committee  labors  under  is  the  short 
time  yet  available  for  the  preparation  of  contributions.  The  Director  of  Agriculture, 
Mr.  Dodge,  requires  that  all  material  for  the  exhibit  be  in  Washington  by  October  1, 
in  order  that  it  may  be  properly  prepared  and  packed  for  shipment  to  Paris.  We 
take  this  opportunity,  therefore,  of  specially  urging  upon  stations  which  have  prom- 
ised contributions  the  necessity  of  putting  them  in  the  hands  of  the  committee  at  the 
earliest  possible  date.  This  is  particularly  necessary  in  the  case  of  the  data  for  the 
graphic  charts  and  diagrams,  which  it  is  proposed  to  have  redrawn  in  Washington 
for  the  sake  of  securing  uniformity  in  style.  This  will  necessarily  be  a  work  requir- 
ing some  time  and  can  not  be  begun  too  soon.  The  committee  desires,  therefore,  to 
express  the  hope  that  all  the  stations  here  represented  will  take  a  lively  interest  in 
the  success  of  the  exhibit,  and  especially  will  appreciate  the  necessity  of  prompt 
action  in  the  preparation  and  forwarding  of  material. 

Eespectfully  submitted. 

H.  P.  Armsby,  Chairman. 

H.  P.  Armsby  and  A.  C.  True  discussed  briefly  the  progress  made  in  preparing  the 
exhibit,  and  urged  the  active  and  prompt  cooperation  of  the  stations. 

The  Chairman-  (J.  E.  Stubbs) .  Members  of  the  convention,  under  a  very  com- 
prehensive name  we  are  engaged  in  a  field  of  educational  effort  that  pertains  very 
largely  to  the  welfare  of  our  youth  and  of  our  nation.  Under  the  title  of  the  "Asso- 
ciation of  American  Agricultural  Colleges  and  Experiment  Stations"  we  embrace  the 
administration  of  a  very  large  and  responsible  trust.  1  think  there  is  no  similar 
work  embracing  so  many  varied  and  yet  unified  interests  as  that  represented  by  this 
Association.  A  book  recently  issued  from  the  press,  and  which  has  received  a  great 
deal  of  attention,  is  entitled  Anglo-Saxon  Superiority.  It  was  written  by  a  well- 
known  French  author,  and  the  first  three  chapters  are  devoted  to  the  question  of 
education,  under  this  significant  title:  "Does  our  form  of  education  make  men?" 

This  is  but  asking  one  of  our  questions  in  a  very  pregnant  and  important  way. 
Are  we  making  men  in  the  work  in  all  our  varied  departments?  Are  we  steering, 
directing,  strengthening  the  work  of  industrial  and  higher  education  in  its  highest 
and  best  form? 

Last  year,  before  the  convention  in  Washington,  we  discussed  some  questions  of 
constitutional  change,  and  I  think  the  members  of  the  Association  were  very  gener- 
ally impressed,  as  I  was  impressed,  by  the  value  of  the  intercourse  between  and  the 
coordinated  work  by  the  specialists  of  our  experiment  stations  and  the  teachers  and 
administrative  officers  of  our  colleges  of  agriculture  and  mechanic  arts. 

It  will  be  your  pleasure  to-night  to  listen  to  the  annual  address  by  a  distinguished 
representative  of  our  scientific  work,  Director  Henry  P.  Armsby,  of  the  Pennsylva- 
nia station. 

The  retiring  address  of  the  president  of  the  Association,  H.  P.  Armsby,  was  as 
follows: 

President's  Address. 

Gentlemen  of  the  Convention:  In  complying  with  the  provision  of  our  constitu- 
tion which  requires  from  the  retiring  president  an  annual  address,  I  assume  that  the 
intentions  of  the  Association  as  well  as  the  dictates  of  ordinary  prudence  require 
that  the  subject  of  that  address  shall  be  one  concerning  which  the  speaker  may  at 
least  be  assumed  to  have  some  direct  personal  knowledge.    I  shall  make  no  apology, 
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therefore,  for  directing  your  attention  almost  exclusively  to  certain  aspects  of  the 
experiment  station  movement. 

I  feel,  too,  that  there  is  a  certain  special  pertinence  in  such  a  theme  on  this  occa- 
sion. Since  our  last  convention  we  have  been  called  to  mourn  the  loss  of  one  who 
to  his  high  and  rare  qualities  as  a  man,  a  citizen,  and  a  statesman,  added  a  special 
claim  to  our  veneration  and  love  through  his  lifelong  identification  with  the  interests 
of  the  institutions  which  compose  this  Association  and  which  owe  their  origin  to  the 
statesmanlike  act  bearing  his  name.  At  another  time  and  through  abler  and  more 
eloquent  lips  than  mine  this  Association  will  put  on  record  its  estimate  of  his  life  and 
work,  but  I  should  fail  to  worthily  fulfill  the  duties  imposed  on  me  by  your  kind 
partiality  did  I  not  take  this  first  opportunity  to  publicly  express  in  the  name  of  the 
Association  our  sense  of  indebtedness  to  the  wise  counsel  and  unfailing  support  of  the 
Hon.  Justin  S.  Morrill,  and  our  feeling  of  personal  bereavement  at  his  loss. 

The  institutions  which  Senator  Morrill  was  instrumental  in  founding  were  to  be 
educational  institutions.  Their  function,  as  prescribed  by  the  organic  act  on  which 
they  are  based,  is  "the  liberal  and  practical  education  of  the  industrial  classes," 
and  the  eloquent  address  of  my  predecessor  at  the  Washington  convention  gave  to 
all  who  heard  it  a  new  and  more  vivid  conception  of  the  importance  and  dignity  of 
the  institutions  here  represented  as  centers  of  liberal  education — as  instruments  for 
the  trainingof  the  scholar.  It  seems  not  inappropriate,  therefore,  to  inquire  what  rela- 
tion the  agricultural  experiment  stations  which  have  been  attached  to  these  institu- 
tions bear  to  their  fundamental  purpose,  and  to  reflect  for  a  few  moments  on  the 
experiment  station  ideal.  Should  the  theme  seem  an  ambitious  one  and  its  treatment 
inadequate,  I  venture  to  hope  that  at  least  the  subject  itself  will  appeal  to  your  interest 
and  arouse  reflections  which  may  be  more  profitable  than  the  words  of  the  speaker. 

The  system  of  agricultural  experiment  stations  which  now  extends  over  the  whole 
civilized  world  is  largely  traceable  to  the  influence  exerted  by  the  writings  and 
investigations  of  Liebig. 

This  distinguished  investigator,  about  1840,  wThen  at  the  zenith  of  his  powers  and 
after  his  discoveries  in  the  field  of  pure  chemistry  had  given  him  a  wTorld-wide  repu- 
tation as  a  scientist,  turned  his  transcendent  genius  to  the  study  of  those  questions  of 
plant  and  animal  nutrition  which  lie  at  the  foundation  of  the  art  of  agriculture.  It 
is  true  that  others  before  him  had  sought,  not  without  success,  to  apply  science  to 
agriculture,  but  the  increased  knowledge  of  organic  chemistry  which  Liebig's  own 
investigations  had  done  so  much  to  bring  about  and  the  methods  of  investigation  and 
analysis  which  he  had  perfected  had  put  new  tools  into  the  hands  of  the  investigator 
and  had  prepared  the  conditions  for  a  phenomenal  advance. 

Liebig's  work  marks  an  epoch  in  the  history  of  agriculture.  The  breadth  and 
grasp  of  his  conceptions  no  less  than  his  clear  and  forcible  style  enabled  him  at  the 
same  time  to  lay  the  foundations  of  the  new  science  of  agricultural  chemistry  and  to 
arouse  popular  interest  in  its  practical  applications,  with  the  result  that  a  popular 
movement  was  started  wThich  culminated  in  1852  in  the  establishment  at  Moeckern, 
in  Saxony,  of  the  first  state  agricultural  experiment  station.  Henceforth  agriculture 
was  to  share  with  other  callings  the  benefits  of  scientific  study  and  the  vocation  of 
the  farmer  was  to  begin  to  be  assimilated  to  that  of  the  scholar. 

This  is  not  the  place  nor  the  occasion  for  tracing,  even  in  outline,  the  influence  of 
Liebig  on  the  development  of  agricultural  research,  but  two  significant  points  may  be 
noted  in  passing: 

First,  this  great  impulse  came  from  a  man  w7ho  had  been  trained  in  the  methods  of 
pure  science — who  wras  by  profession  a  teacher  and  an  investigator.  It  was  distinctly 
an  impulse  from  above.  The  farmer  did  not  come  to  the  scientist  asking  for  his  help, 
but  the  student  of  nature,  delving  after  her  hidden  treasures,  brought  the  fruit  of  his 
search  to  the  farmer. 

Second,  Liebig's  scientific  training  and  his  devotion  to  the  investigation  of  the  great 
natural  laws  governing  agriculture  did  not  lead  him  to  despise  or  ignore  the  practical 
application  of  these  laws.  The  man  who  gave  to  the  world  commercial  fertilizers 
can  hardly  be  accused  of  lack  of  sympathy  with  the  practical  aspects  of  farming.  On 
the  contrary,  the  mainspring  of  Liebig's  activity  was  a  recognition  of  the  importance 
of  agriculture  as  the  great  basal  industry  and  a  desire  to  serve  the  state  by  advancing 
it  and  enhancing  its  profits. 

The  grain  of  mustard  seed  planted  at  Moeckern  less  than  fifty  years  ago  has  indeed 
become  a  tree.  To-day  considerably  more  than  five  hundred  experiment  stations, 
distributed  through  nearly  forty  countries  and  colonies,  form  a  monument  to  the 
vitality  of  Liebig's  ideas,  on  which,  as  on  our  own  domain,  the  sun  never  sets. 

In  their  first  inception,  the  agricultural  experiment  stations  contemplated  largely 
"  practical"  experiments.  But  little  experience,  however,  was  necessary,  under  the 
wise  guidance  of  Wolff  and  his  contemporaries,  to  show  that  further  study  of  prin- 
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ciples  was  an  indispensable  preliminary  to  their  profitable  application  in  practice; 
Almost  from  the  start,  the  agricultural  experiment  stations,  especially  in  Germany, 
the  land  of  their  birth,  have  recognized  abstract  research  as  one  of  the  most  important 
of  their  duties,  and  Ave  to-day  see  the  fruits  of  this  wise  policy  in  the  fact  that  our 
scientific  agriculture  is  largely  founded  on  the  researches  of  men  like  Wolff,  Nobbe. 
Henneberg,  Stohmann,  the  two  Kuhns,  Maercker,  Hellriegel,  and  a  score  of  others 
in  the  German  experiment  stations. 

But,  notwithstanding  all  this,  these  same  German  experiment  stations,  which  we 
have  been  inclined  to  look  upon  as  mainly  centers  of  scientific  research,  have  been  to 
a  large  extent  practical  in  their  aims;  and  fertilizer,  feeding  stuff  and  seed  control, 
field  experiments  and  variety  tests  have  absorbed  a  considerable  share  of  their  ener*- 
gies.  The  same  has  been  still  more  true  of  other  countries.  Everywhere  the  experi- 
ment station  has  been  looked  upon  as  a  part  of  the  machinery  of  the  State  for 
direct  practical  ends.  It  has  been  the  farmer  doing  collectively  through  agricultural 
organizations  or  through  the  State  what  he  could  not  do  individually,  and  his  aim 
has  been  to  protect  himself  from  fraud  and  to  enhance  the  profits  of  his  calling. 

The  early  development  of  the  experiment  station  idea  in  our  own  country,  beginning 
with  Johnson's  work  for  the  Connecticut  State  Agricultural  Society  and  the  Connect- 
icut Board  of  Agriculture  from  1857  to  1875,  and  taking  definite  form  in  1875  and 
1877  in  the  organization  of  the  first  American  experiment  station,  was  largely  along 
the  same  lines.  The  early.  American  stations  were,  in  fact,  fertilizer-control  stations, 
and  while  they  added  other  lines  of  work  as  opportunity  offered,  yet  in  most  cases 
their  work  was  of  necessity  upon  immediate  practical  problems.  Up  to  1887  stations 
had  been  established  in  somewhat  more  than  a  dozen  States  and  work  similar  in 
character  although  not  in  name  was  being  carried  forward  in  others. 

With  the  passage  of  the  Hatch  Act  in  1887  the  experiment  station  movement 
entered  on  a  new  phase.  Up  to  that  time  the  majority  of  the  stations  had  been  inde- 
pendent institutions,  patterned  after  the  German  model,  and,  speaking  broadly,  the 
conception  of  the  experiment  station,  where  it  had  not  been  simply  that  of  the  con- 
trol station  for  the  detection  and  prevention  of  fraud,  had  been  largely  that  of  an 
institution  occupying  much  the  same  relation  to  the  farmer  that  the  expert  chemist 
bears  to  the  manufacturer. 

The  Hatch  Act  accepted  this  conception,  but  broadened  it,  and  introduced  a  new 
element  by  making  the  new  stations  departments  of  educational  institutions.  This 
was  not  a  mere  matter  of  convenience  nor  a  desire  to  secure  additional  funds  for  these 
institutions.  Doubtless  both  these  considerations  entered  in,  but  underlying  all  was 
a  profound — perhaps  an  unconscious — recognition  of  the  fact  that  the  agricultural 
experiment  station,  in  its  broadest  and  most  fundamental  conception,  is  an  educational 
institution.  I  desire  to  emphasize  this  idea,  because  it  appears  to  me  to  be  one  of 
fundamental  importance,  and  one  which  should  give  tone  and  direction  to  all  our 
thinking. 

Not  that  the  relation  of  the  station  to  the  farmer  should  be  in  any  way  ignored  or 
belittled.  The  station  exists  for  the  farmer  and  not  for  the  college,  and  it  is  both 
legally  and  morally  bound  to  recognize  this  relationship  and  to  serve  the  interests  of 
the  agriculturist  to  the  best  of  its  ability  in  its  own  field.  I  simply  desire  to  point 
out  the  true  nature  of  that  service. 

Even  in  those  more  direct  and  obvious  relations  which  appeal  to  the  popular  sense, 
the  real  business  of  the  experiment  station  is  to  educate.  Agriculture  as  an  art  and 
a  business  consists  in  so  guiding  and  controlling  the  great  natural  forces  that  they 
may  cooperate  in  the  economic  production  of  crops  and  animals.  The  true  service  of 
the  station  to  the  farmer,  as  I  conceive  of  it,  is  to  give  him  such  a  practical  knowledge 
of  these  natural  forces  as  shall  enable  him  to  control  them  for  his  own  advantage. 

Just  as  a  locomotive  engineer,  in  order  to  successfully  and  economically  run  a  fast 
express  or  a  heavy  freight,  must  have  some  degree  of  knowledge  of  the  mechanical 
construction  of  his  engine  and  of  the  laws  governing  the  action  of  steam,  and  then 
must  add  to  this  long  experience  in  the  practical  application  ol  these  principles  to  the 
constantly  varying  conditions  of  load,  track,  grade,  and  weather,  so  the  successful 
farmer  is  he  who  has  acquired,  whether  through  the  schools  or  otherwise,  some 
knowledge  of  the  principles  of  his  calling,  and  then  adds  to  this  experience  and  good 
judgment  in  their  application.  The  function  of  the  experiment  station  is  not  the 
impossible  task  of  giving  him  recipes  suited  to  every  conceivable  emergency.  Its 
business  is  to  enlarge  his  knowledge  of  the  natural  forces  which  drive  his  larrn,  as 
the  steam  drives  the  engine,  and  to  teach  him  to  control  them  instead  of  being  con- 
trolled by  them.  It  is  not  a  device  to  save  the  farmer  the  trouble  of  thinking.  On 
the  contrary,  its  constant  and  insistent  demand  is  that  he  think  more.  It  can  help 
him  permanently  and  effectively  only  to  the  extent  to  which  he  can,  by  such  thinking, 
digest  and  assimilate  its  help. 
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In  brief,  the  real  problem  of  the  station  is  not  to  put  a  mass  of  information,  how- 
ever valuable,  into  the  hands  of  the  farmer,  but  to  strengthen  his  grasp  on  principles 
and  his  ability  to  apply  them  intelligently.  In  other  words  it  is  an  educational  prob- 
lem. The  experiment  station  is  something  more  than  an  agency  to  test  fertilizers  or 
varieties — to  devise  methods  of  killing  bugs  or  curing  sick  pigs — in  short,  an  organiza- 
tion to  help  the  farmer  "  to  raise  more  corn  to  feed  more  hogs  to  buy  more  land  to 
raise  more  corn  to  feed  more  hogs. ' '  While  we  must  beware  of  that  intellectual  snob- 
bishness which  looks  down  upon  these  practical  results  as  unworthy  the  considera- 
tion of  the  scientist  and  scholar,  yet  it  is  equally  true  that  the  materialism  which 
regards  them  as  the  final  aim  of  agricultural  experimentation  and  which  measures 
the  success  of  the  station  in  terms  of  dollars  and  cents  is  totally  at  variance  with  the 
spirit  of  a  true  college  and  should  find  no  place  in  an  institution  of  liberal  education. 
The  true  field  of  work  of  the  experiment  station  is  the  farmers'  mind,  not  his  acres. 

But  the  direct  and  obvious  educational  influence  of  the  station  on  the  farmer  is  of 
less  real  importance,  as  it  seems  to  me,  than  its  indirect  services,  and  it  is  to  these 
that  I  especially  wish  to  direct  your  thoughts. 

We  are  evolving  a  variety  of  methods  and  appliances  for  agricultural  education. 
Starting  with  the  agricultural  college,  we  are  developing  secondary  agricultural  educa- 
tion in  our  short  courses  and  dairy  courses,  and  the  demand  promises  to  outrun  the 
supply.  The  movement  for  the  introduction  of  the  elements  of  agricultural  science 
into  the  rural  schools  is  gathering  head,  and  the  normal  schools  are  already  beginning 
to  react  to  the  demand  for  qualified  teachers.  Within  the  last  fifteen  years  the  sys- 
tem of  farmers'  institutes  has  had  a  most  phenomenal  growth,  and  the  attendance 
upon  these  schools  of  the  farmer  must  be  reckoned  by  the  hundreds  of  thousands,  if 
not  millions.  The  reading  and  correspondence  courses  are  making  a  rapid  and  appar- 
ently healthy  growth.  And,  if  last  not  least,  the  agricultural  press  has  been  almost 
revolutionized  in  its  character  within  the  last  three  decades  and  has  become  a  power- 
ful instrument  of  agricultural  education.  Everywhere  there  is  manifest  the  demand 
for  more  light.    The  farmers  are  awake — they  are  hungry  and  thirsty  for  knowledge, 

This  movement  once  started  can  not  go  backward.  I  look  forward  confidently  to 
the  time  when  the  agricultural  college  as  we  now  know  it  will  be  but  the  capstone  of 
a  great  system;  to  the  time  when  the  country  boys  and  girls  throughout  their  whole 
education,  be  it  longer  or  shorter,  from  the  kindergarten  through  the  primary  school 
and  the  secondary  school  to  the  college  and  the  university,  shall  be  trained  in  the 
observation  of  those  processes  of  nature  which  surround  them  on  every  hand,  but 
which  now  so  largely  appeal  to  eyes  that  see  not  and  ears  that  hear  not. 

When  that  time  comes — when  every  rural  school  is  a  school  of  agriculture  and  its 
work  is  supplemented  by  the  farmers'  institute,  the  agricultural  press  and  the  home 
study  course;  when  instead  of  counting  our  students  of  agriculture  by  the  score  or 
the  hundred  we  shall  count  them  by  the  thousand  or  million — then  we  shall  have  risen 
to  some  adequate  comprehension  of  the  dimensions  of  this  vast  problem  of  agricul- 
tural education,  and  shall  have  made  a  long  step  toward  solving  the  problem  of  rural 
discontent  by  making  farming  an  intellectual  occupation. 

But  what  shall  all  these  people,  young  and  old,  be  taught,  and  who  shall  teach  it 
to  them  ?  Where  shall  we  find  the  fountain  from  which  shall  flow  the  stream  of 
knowledge  and  inspiration  which  shall  fructify  and  vivify  this  vast  system  and  pre- 
vent it  from  becoming  simply  a  teaching  machine  and  our  teachers  mere  peddlers  oi 
knowledge?  We  shall  find  it  precisely  where  it  is  found  in  all  systems  of  education— 
in  that  first-hand  knowledge  and  familiarity  with  the  subject  which  is  gained  by  inde- 
pendent, original  investigation — that  is,  we  shall  find  it  in  the  experiment  station.  It 
is  here  that  I  see  the  high  ideal  and  the  great  work  of  the  experiment  station.  It  is 
our  agricultural  university,  devoted  to  the  advancement  of  learning,  the  promoter 
of  investigation,  the  source  not  merely  of  knowledge  but  of  inspiration  for  the  whole 
organism.  Nor  is  this  simply  a  hope  or  a  prophecy.  I  believe  the  attentive  observei 
can  not  fail  to  trace  in  the  past  development  of  our  methods  of  agricultural  education 
a  powerful  influence  from  these  institutions,  nor  to  recognize  the  indebtedness  of 
the  farmers'  institute,  the  school  of  agriculture,  and  the  agricultural  press  alike,  both 
in  matter  and  spirit,  to  the  experiment  station.  In  my  judgment  the  people  have 
received  far  more  benefit  in  this  indirect  and  unconscious  way  from  the  stations  than 
they  have  directly. 

My  thesis  is,  then,  that  the  most  important  function  of  the  American  experiment 
station  is  that  of  an  institution  for  higher  education  in  agriculture,  the  organic 
head  of  our  whole  system,  and  that  it  should  be  supported  and  managed  in  the  light 
of  this  fact. 

It  was  natural  that  this  view  of  the  function  of  the  American  station  should  not 
be  prominent  at  first.  The  conception  of  the  station  as  an  independent  entity  was 
well  established  and  gave  abundant  scope  for  work.    Moreover,  the  agricultural 
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courses  in  many  institutions  were  weak,  and  the  interest  in  agricultural  education 
throughout  the  country  was  comparatively  languid  and  had  first  to  be  awakened  by 
the  work  of  the  stations  before  any  considerable  field  for  their  educational  functions 
was  afforded.  Moreover,  in  the  early  days  of  the  stations  there  was  in  many  cases  a 
not  unnatural  failure  to  clearly  distinguish  between  station  and  college  work,  and  gov- 
erning boards  and  even  in  some  cases  college  presidents,  with  but  vague  conceptions  of 
the  nature  of  an  experiment  station,  were  inclined  to  regard  this  new  fund  simply  in 
the  light  of  an  addition  to  the  revenue  of  the  institution.  As  a  natural,  though 
unfortunate  result,  directors  of  stations  came  to  occupy  a  more  or  less  distinctly 
defensive  attitude  toward  the  college  in  an  endeavor  to  preserve  the  Hatch  fund  for 
what  they  regarded  as  its  legitimate  uses,  and  so  came  to  have  a  subconscious  feeling 
that  the  interests  of  the  college  and  station  were  more  or  less  antagonistic.  I  think 
I  may  speak  freely  of  this  because  these  things  belong  to  the  past — to  the  time  of 
adjustment  to  new  conditions  and  duties.  The  cases  are  very  rare  at  present  in  which 
serious  criticism  on  this  score  can  be  made.  But  the  feeling  that  the  work  of  the 
station  is  distinct  and  essentially  different  from  that  of  the  college — that  the  station 
is  in  the  college,  but  not  of  it — has  to  a  degree  survived,  and  many  station  officers 
are  still  inclined  to  regard  the  separate  station  as  the  ideal  and  the  connection  with 
the  college  as  a  concession  to  circumstances. 

It  seems  to  me  that  the  time  has  fully  come  to  discard  this  notion  and  to  recognize 
the  station  unreservedly  as  an  integral  part  of  the  agricultural  college,  with  its  own 
distinct  and  peculiar  functions  as  an  educational  institution. 

Let  us  not,  however,  mistake  the  nature  of  the  educational  work  of  the  station. 
It  is,  from  our  present  standpoint,  and  in  its  relations  to  the  whole  system  of  agri- 
cultural education,  the  work  of  higher  education. 

I  fully  sympathize  with  those  who  are  feeling  the  pressure  of  that  most  insidious 
and  plausible  demand  upon  the  time  and  energy  of  the  station  worker — the  call  for 
undergraduate  elementary  instruction.  While  a  certain  proportion  of  such  work 
appears  to  be  unavoidable  under  present  conditions,  I  believe  that  any  large  amount 
of  it  is  incompatible  with  the  most  efficient  station  work.  It  demands  different 
qualifications  and  a  different  attitude  of  mind  and  interferes  with  that  free  disposal 
of  time  and  energy  which  is  essential  to  original  and  fruitful  research.  It  is  a  dissi- 
pation of  energy  which  ought  to  be  concentrated.  As  I  have  already  urged,  the 
experiment  station,  in  method  and  spirit,  is  the  agricultural  university,  the  school 
of  the  specialist,  the  teacher  of  the  teachers,  the  head  and  crown  of  the  whole 
system.  If  this  be  true,  how  unwise  from  an  educational  standpoint  to  hamper  and 
dwarf  it  by  requiring  work  of  a  lower  grade.  In  my  judgment,  the  ideal  experi- 
ment station  should  be  as  fully  separated  as  possible  from  the  details — the  daily 
grind — of  undergraduate  instruction,  while  retaining  its  general  supervision  and 
inspiration. 

But  I  would  do  this,  not  to  diminish  the  educational  work  of  the  station,  but  to  increase 
it  by  assigning  to  the  station  its  true  place  in  the  system.  The  investigator  can  hardly 
fail,  in  most  cases,  to  feel  as  a  distraction  the  necessity  of  presenting  a  course  of  general 
lectures  or  conducting  text-book  drill,  but  the  presentation  of  the  results  of  his  special 
studies  to  those  prepared  to  appreciate  them,  and  especially  the  direction  of  the 
research  work  of  assistants,  graduate  students,  fellows,  etc.,  can  seldom  fail  to  be  both 
helpful  and  inspiring.  Indeed,  practically  this  is  what  every  investigator  who  has 
an  assistant  is  doing.  The  assistants  in  our  stations  are  our  university  students.  It 
is  largely  from  their  ranks  that  we  shall  recruit  the  growing  army  of  teachers  of  all 
grades  for  the  work  of  future  years.  How  far  beyond  this  the  station  can  go  in  the 
way  of  receiving  volunteer  assistants,  fellows,  etc.,  is  one  of  the  problems  of  the 
future.  It  would  seem  entirely  feasible,  at  a  comparatively  slight  additional  expense, 
to  in  this  way  materially  increase  the  usefulness  of  the  stations,  both  as  investigating 
and  as  educational  institutions,  and  the  few  attempts  now  being  made  in  this  direc- 
tion will  be  watched  with  interest. 

But  whether  much  or  little  be  attempted  in  this  specific  direction  is  after  all  a 
minor  question.  The  essential  fact  is  that  the  experiment  station  is  now  and  must 
be  increasingly  in  the  future,  through  its  publications  and  through  the  direct  personal 
influence  of  its  officers,  the  source  from  which  the  college  professor,  the  institute 
lecturer,  the  editor,  the  public  school  teacher,  must  draw  both  the  substance  and 
the  spirit  of  their  instruction. 

If  the  ideal  which  I  have  thus  imperfectly  presented  of  the  experiment  station  as 
an  educational  agency  is  a  true  and  worthy  one,  certain  consequences  follow,  to  two 
or  three  of  which  I  may  be  pardoned  if  I  call  attention. 

First,  this  conception  of  the  experiment  station  has  an  important  bearing  on  the 
kind  of  work  which  it  should  undertake.  I  have  tried  to  show  that  the  educa- 
tional work  of  the  station  is  that  of  higher  education — the  education  which  comes 
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from  and  through  research.  If  this  be  true,  and  if  the  work  of  undergraduate 
instruction  in  the  college  is  not  the  proper  function  of  the  station,  still  less  does  the 
work  of  primary  and  secondary  education  belong  to  it  It  is  not  its  function  to  dis- 
tribute general  agricultural  information  through  its  bulletins  and  reports;  it  is  not 
called  upon  to  aid  directly  in  the  introduction  of  nature  studies  into  the  schools  nor 
in  the  conduct  of  correspondence  courses,  nor  to  systematically  attend  farmers'  insti- 
tutes, nor,  except  incidentally,  to  act  as  a  bureau  of  information. 

I  do  not  think  I  shall  be  seriously  accused  of  any  lack  of  sympathy  with  the  various 
means  which  are  being  devised  for  bringing  the  results  of  science  to  the  people.  I 
bid  them  all  God  speed.  Some  of  them  seem  to  me  to  have  promise  of  untold  good, 
but  it  is  an  unfortunate  and  mischievous  confusion  of  ideas  which  looks  upon  them, 
and  even  officially  designates  them  in  station  publications  and  State  laws,  as  experi- 
ment station  work.  The  ideas  of  the  general  public  regarding  the  work  of  the 
stations  are  hazy  enough  at  best,  Let  us  not  add  to  their  confusion.  All  these 
things  are  things  of  the  utmost,  perhaps  of  paramount,  immediate  importance,  but 
they  are  not  station  work.  They  are  all  forms  of  teaching,  and  teaching  is  the  busi- 
ness of  the  school  and  not  of  the  station.  The  central  idea  of  the  station  is  research — 
the  discovery  and  promulgation  of  new  truth.  It  is,  in  the  language  of  the  Hatch 
Act,  to  ' '  conduct  original  researches  or  verify  reported  experiments. ' ' 

The  truths  which  the  station  seeks  may,  of  course,  be  of  different  orders.  When 
it  determines  that  John  Doe's  fertilizer  contains  3  per  cent  of  nitrogen  it,  in  a  sense, 
discovers  a  new  truth,  the  determination  of  which  has  its  own  educational  value  to 
the  discoverer,  and  in  so  doing  it  is  doing  its  proper  work.  When  it  engages  in 
abstract  scientific  investigation  and  brings  to  light  some  hitherto  unknown  law  or 
process  it  is  likewise  discovering  new  truth  which,  because  of  its  broader  and  more 
fundamental  character,  has  the  highest  educational  value;  and  in  this,  too,  it  is  doing 
its  proper  work.  But  when  it  issues'  a  compiled  bulletin  or  holds  an  institute  it  may 
be  doing  a  work  that  is  most  valuable,  but  it  is  not  doing  its  own  work. 

I  am  well  aware  that  there  is  nothing  particularly  novel  in  all  this.  We  have  been 
told  often  enough  that  the  business  of  the  stations  is  to  investigate,  and  the  language 
of  the  organic  act  establishing  them  has  been  quoted  so  often  that  it  seems  superflu- 
ous to  repeat  it.  Nevertheless,  no  one  who  has  had  even  a  slight  direct  contact  with 
farmers  can  fail  to  see  that  what  they  need  and  wrhat  they  call  for  is  very  largely 
just  such  general  instruction  in  the  elementary  principles  of  agriculture  and  the 
related  sciences.  The  questions  that  are  asked  at  institutes,  the  letters  that  come  to 
the  stations,  the  popularity  of  bulletins  of  information,  all  put  this  beyond  possible 
doubt.  It  is  not  surprising  then  that  when  they  saw  the  best  agricultural  talent  of 
the  country  assembled  in  these  stations,  earnest  and  zealous  friends  of  the  farmer, 
perceiving  plainly  this  urgent,  immediate  need,  and  perhaps  misled  by  the  language 
of  the  first  section  of  the  Hatch  Act,  should  feel  that  right  here  was  the  first  and 
most  important  work  for  these  scientists — that  their  first  duty  was  to  answer  this  cry 
for  information,  even  at  the  sacrifice  of  the  investigating  function.  It  is  a  plausible 
argument,  and  all  the  more  plausible  because  the  need  is  so  real  and  so  urgent,  A 
counter  argument  from  the  letter  of  the  law  or  from  the  general  conception  of  the 
experiment  station,  as  shown  in  its  past  history,  is  not  of  very  great  weight  and  can 
not  very  long  prevail  in  the  face  of  such  a  condition.  What  I  wish  you  to  .see  is  that 
this  specialization,  or,  if  you  choose,  this  limitation  of  the  station's  functions  is  not  an 
arbitrary  or  ex  cathedra  one,  but  is  based  on  the  nature  of  things. 

It  is  just  because  of  this  demand  that  we  should  jealously  guard  the  station  against 
every  encroachment  on  its  true  functions.  We  must  protect  it  in  its  work  of  investi- 
gation, not  so  much  because  of  the  direct  usefulness  of  its  results  to  the  farmer — at 
present  they  are  perhaps  not  of  as  much  immediate  and  direct  value  to  him  as 
instruction — but  because  this  work  is  an  integral  part  of  our  system  of  agricultural 
education  and  if  we  destroy  it  we  emasculate  the  whole  system.  When  we  dry  up 
the  springs  among  the  hills  the  mills  along  the  river  will  sooner  or  later  cease  to 
grind.  It  is  in  the  educational  function  of  the  station  that  we  find  the  true  reason 
for  holding  strictly  to  the  historical  conception  embodied  in  section  2  of  the  Hatch 
Act,  and  when  we  defend  this  conception  against  those  who  would  make  of  the  station 
a  school  or  a  tract  society  we  are  defending  the  highest  interests  of  the  farmers 
themselves. 

Into  the  vexed  question  of  abstract  scientific  investigation  versus  ' 1  practical ' '  experi- 
ments I  do  not  now  enter.  Each  has  its  place.  There  is  no  innate  antagonism  between 
them,  and  neither  need  exclude  the  other.  No  high  ideal  worthily  followed  ever 
interfered  with  faithfulness  to  the  humblest  duties,  and  I  do  not  fear  that  our  stations 
will  fail  to  follow  Liebig's  example  of  the  devotion  of  high  scientific  attainments  to 
ends  of  practical  utility.  Indeed,  I  fully  believe  that  the  station  with  the  highest 
ideal  of  its  functions  will  be  the  most  efficient  in  those  simpler  and  more  prosaic 
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duties  which  are  a  legitimate  and  proper  and  important  part  of  its  work.  The  range 
of  choice  is  as  wide  as  the  conditions  of  the  stations  are  diverse,  and  each  must  solve 
the  problem  for  its  own  environment.  The  essential  point  is  that  the  central  idea  of 
research — the  discovery  of  new  truth — be  held  to.  When  this  is  done  each  station, 
in  proportion  to  its  abilities  and  opportunities,  will  bear  its  part  in  the  promotion  of 
higher  education,  as  well  as  confer  direct  benefit  on  the  farmer,  and  so  will  worthily 
contribute  tc  the  advancement  of  agriculture.  At  the  same  time  I  believe  the  same 
thing  to  be  true  within  the  range  of  station  work,  which  is  true  of  agricultural  edu- 
cation as  a  whole,  viz,  that  the  source  of  inspiration  is  from  above,  and  that  a  cer- 
tain proportion  of  the  very  highest  and  most  abstract  work  possible  is  a  most  direct 
and  almost  indispensable  aid  to  efficiency  in  more  practical  lines. 

Particularly  does  this  seem  to  me  applicable  to  the  individual  station  officer.  To 
do  effective  higher  teaching  or  to  be  efficient  as  an  investigator  of  even  "  practical " 
problems  he  needs  to  be  a  scholar  as  well  as  a  "  worker."  I  am  confident  that  even 
a  little  time  each  day  spent  in  following  out  some  special  subject  to  the  utmost  limits 
of  human  knowledge  concerning  it  will  prove  the  most  profitable  part  of  the  twenty- 
four  hours,  not  only  to  the  man  himself  in  lifting  his  work  above  the  plane  of  drudg- 
ery, but  to  his  station  as  well. 

This  leads  naturally  to  a  word  as  to  the  bearing  of  this  ideal  on  the  qualifications 
of  the  station  worker.  If  the  function  of  the  station  is  investigation,  then  the  sta- 
tion worker  should  be  an  investigator.  If  he  has  the  happy  faculty  of  presenting 
the  results  of  his  investigations  in  simple  and  attractive  form,  so  much  the  better, 
but  he  must  first  of  all  possess  the  ability  to  find  something  to  present.  A  wise  and 
experienced  minister  of  the  gospel  once  said  in  my  hearing  that  he  had  observed  that 
a  congregation  would  usually  attend  when  the  preacher  gave  them  something  to  attend 
to.  I  think  we  may  safely  say  that  when  the  station  worker  produces  something 
worth  attending  to  he  will  secure  an  audience  to  attend  to  it,  and  that,  mediately  or 
immediately,  it  will  reach  the  people  and  help  them.  He  should  have  practical 
acquaintance  with  farming — the  more  the  better — in  order  that  he  may  not  waste  his 
work  on  irrelevant  or  unimportent  problems;  but  if  he  has  only  this  how  is  he  supe- 
rior to  many  of  those  whom  he  desires  to  help?    Is  he  not  a  blind  leader  of  the  blind? 

Now,  investigation  does  not,  like  reading  and  writing,  ' '  come  by  nature. ' '  It 
requires  training.  If  you  choose,  it  is  a  trade  and  requires  an  apprenticeship.  The 
investigator  must  know  how  to  ask  questions  of  nature  and  be  able  to  interpret  her 
answers.  In  other  words,  he  must  be  trained  in  modern  scientific  methods.  No  zeal 
nor  facility  nor  practical  experience  can  take  the  place  of  this.  No  matter  how  practi- 
cal the  end  to  be  attained,  the  road  to  it  lies  through  the  rigorous  application  of  those 
methods  which  have  led  to  the  vast  scientific  progress  of  the  nineteenth  century.  No 
matter  what  else  he  is,  the  station  worker  must  have  a  thorough  scientific  training, 
not  for  the  sake  of  the  knowledge  which  is  acquired  by  that  means,  but  for  the  sake 
of  the  power  which  it  imparts. 

And  what  of  the  officer  who  is  to  direct  the  activities  of  these  various  investigators? 
What  are  the  qualifications  for  this  important  position?  Is  he  to  be  simply  an  execu- 
tive, presiding  at  the  meeting  of  a  council,  dividing  up  the  funds  among  the  various 
departments  and  looking  after  the  business  interests  of  the  station? 

So  long  as  we  take  what  may  be  called  the  business  view  of  the  experiment  station, 
that  view  which  regards  it  simply  as  an  agency  to  accomplish  certain  practical  ends 
for  the  farmer,  so  long  we  may  answer  this  question  affirmatively.  If  the  station  is 
purely  or  chiefly  a  business  organization,  then  it  requires  simply  a  business  head;  but 
if  we  accept  the  conception  of  the  station  as  the  head  of  our  whole  system  of  agricul- 
tural education,  the  case  is  quite  different.  If  the  real,  essential  function  of  the  station 
in  this  system  is  the  promotion  of  original  investigation,  and  if  the  prime  qualification 
of  the  station  worker  is  that  bent  of  mind  and  that  scientific  training  which  qualifies 
him  to  investigate,  should  not  the  head  of  the  station  have  some  personal  knowledge 
through  experience  of  what  constitutes  real  investigation?  This  does  not  imply  that 
he  must  combine  in  his  one  person  the  abilities  of  the  chemist  and  the  botanist  and 
the  entomologist,  and  so  on  through  the  list;  but  surely  in  some  one  line  he  should 
himself  be  a  producer  of  the  commodities  of  science.  In  the  combined  attack  on  the 
domain  of  ignorance  by  the  army  of  station  workers,  should  he  not  say  "come" 
rather  than  "go"?  We  have  heard  not  a  little  in  the  past  of  the  "director  who 
directs."  May  it  not  be  well  to  set  before  ourselves  more  distinctly  as  an  ideal  the 
"director  who  inspires? " 

Finally,  and  very  briefly,  this  conception  of  the  experiment  station  serves  to  give 
additional  emphasis  to  the  exceedingly  important  idea  of  the  unity  of  the  interests 
and  the  institutions  here  represented.  These  institutions  are  not  doing  two  distinct 
kinds  of  work,  teaching  and  experimenting,  but  one,  education.  This  Association  does 
not  stand  for  two  parallel  but  distinct  sets  of  interests.    It  is  not  an  association  of 
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colleges  and  of  experiment  stations,  but  an  association  of  colleges  and  experiment  sta- 
tions— of  college-stations,  if  I  may  coin  a  word  to  better  express  my  idea.  Its  charter 
is  as  broad  and  comprehensive  as  that  of  the  institutions  composing  it.  Nothing  that 
concerns  any  aspect  of  the  great  problem  of  industrial  education  is  foreign  to  its  aims, 
and  no  single  phase  of  this  problem  can  claim  any  exclusive  rights  in  its  delibera- 
tions. When  it  meets  in  annual  convention,  it  is  not  for  the  sake  of  giving  "  station 
men"  or  "college  men,"  chemists  or  engineers  or  botanists,  agriculturists  or  entomolo- 
gists, or  even  college  presidents,  an  opportunity  to  consider  each  their  separate  affairs, 
but  in  order  that  we  may  all,  according  to  the  measure  of  our  several  abilities,  take 
counsel  together  concerning  the  one  grand  work  in  which  we  are  engaged.  Whether 
the  Association  considers  executive  matters  or  technical  subjects,  questions  of  legisla- 
tion, or  methods  of  teaching  and  investigation — whether  it  meet  in  general  session 
or  in  sections— all  is  for  the  furtherance  of  one  great  purpose,  and  each  is  interested 
in  all  because  all  is  for  the  benefit  of  each.  There  may  be  diversities  of  judgment  as 
regards  means  and  methods — there  can  be  no  conflict  of  purpose. 

So  long  as  it  continues  to  be  guided  by  this  thought  our  Association  can  not  fail  to 
be,  in  the  future  as  in  the  past,  a  most  efficient  and  indispensable  aid  in  the  promo- 
tion of  unity  of  conception  and  harmony  of  methods  in  all  phases  of  our  great  work 
of  "the  liberal  and  practical  education  of  the  industrial  classes." 

The  above  address  was  followed  by  the  presidential  address  of  the  Association  of 
Official  Agricultural  Chemists,  by  R.  C.  Kedzie,  president  of  that  association,  which 
has  been  published  in  the  proceedings  of  that  association.1 

Morning  Session,  Thursday,  July  6,  1899. 

The  convention  was  called  to  order  at  9.30  a.  m.  by  President  Armsby. 
The  Chairman  called  for  the  report  of  the  chairman  of  the  Section  on  Horticulture 
and  Botany. 

L.  H.  Pammel,  of  Iowa,  chairman  of  the  section,  presented  the  following  report: 

Report  of  the  Section  on  Horticulture  and  Botany. 

Pursuing  the  same  general  lines  laid  down  by  previous  chairmen  of  this  section, 
printed  circulars  were  sent  out  to  every  station  botanist  and  horticulturist,  as  well  as 
professors  of  botany  and  horticulture  in  the  different  land-grant  colleges.  Responses 
were  received  from  a  large  number  of  workers,  and  I  shall  endeavor  to  bring  together 
in  concise  form  the  information  received. 

COLLEGE  WORK. 

There  are  now  engaged  in  the  line  of  botany  and  biology  61  professors  and  19  assist- 
ants. In  horticulture  there  are  49  professors  and  21  assistants.  In  their  respective 
lines  these  workers  are  doing  a  great  deal  of  good  for  higher  education  and  rendering 
the  States  in  which  they  are  located  a  great  deal  of  valuable  service. 

During  the  past  year  there  has  been  published  by  these  workers  a  vast  amount  of 
valuable  literature,  not  only  for  the  cause  of  pure  science,  but  work  that  is  of  ines- 
timable value  to  the  farming  and  horticultural  interests  of  this  country. 

It  is  a  difficult  thing  to  define  the  duties  of  the  college  and  station  botanist,  or 
those  of  the  station  horticulturist  or  college  professor  of  horticulture,  since  the  two 
lines  of  work  are  intimately  associated,  and  in  many  cases  the  botanists  are  doing 
work  that  belongs  to  the  horticulturist,  while  on  the  other  hand  some  horticulturists 
are  doing  work  that  is  along  the  line  of  pure  botany.  It  must  be  remembered,  how- 
ever, that  different  institutions  must  meet  different  requirements.  In  some  cases  the 
professors  of  botany  are  devoting  their  time  to  more  practical  considerations,  and 
hence  are  compelled  to  take  up  lines  of  work  that  more  properly  belong  to  the  field 
of  horticulture.  These  conditions  are  usually  easily  regulated  by  the  respective 
institutions,  and  yet  there  is  a  certain  amount  of  duplication  that  should  be  avoided 
by  station  workers. 

In  many  cases  there  seems  to  be  a  lack  of  cooperation  between  different  depart- 
mental investigations.  It  would  seem  highly  desirable  that  more  cooperative  work 
should  be  undertaken,  and  that  in  this  cooperative  work  the  experiments  should  be 
planned  by  the  respective  departments  and  carried  out  according  to  a  well-defined 
plan.   This  would  not  only  give  strength,  but  would  give  breadth  to  the  investigations. 


1  U.  S.  Dept.  Agr.,  Division  of  Chemistry  Bui.  57. 
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In  many  institutions  the  botanical  work  of  the  college  professor  of  botany  consists 
largely  in' imparting  instruction,  but  the  professor  in  charge  should  not  lose  sight  of 
the  fact  that  his  work  as  an  instructor  will  be  stronger  and  better  if  some  of  his  time 
is  given  to  research  work.  Many  of  our  institutions,  however,  labor  under  the  great 
disadvantage  that  they  have  so  much  teaching  to  do  that  little  time  is  left  for  research 
work.  .The  botanist  who  is  obliged  to  devote  six  or  seven  hours  a  day  to  teaching 
certainly  has  little  time  left,  or  little  energy  or  ambition  to  do  research  work. 

In  looking  over  the  courses  given  by  the  different  institutions  from  replies  received, 
there  is  shown  to  be  a  great  difference  in  the  amount  of  botanical  work  given  in  the  land- 
grant  colleges.  There  seems  to  be  no  uniformity  as  to  the  line  of  work  that  should  be 
pursued  or  required.  There  is  neither  a  minimum  nor  a  maximum  requirement  for  the 
different  institutions.  It  was  impossible  for  me  to  obtain  the  desired  number  of  hours 
given  in  many  of  the  institutions,  nor  is  it  possible  for  me  to  average  the  number  of 
hours  of  instruction  given,  since  there  were  such  great  differences.  It  seems  to  the 
writer  that  a  certain  number  of  hours  should  be  required — a  common  standard  for 
the  different  institutions  of  this  character,  allowing  a  great  range  in  the  maximum 
number  of  hours  given.  The  number  of  hours  given  varies  from  one  term's  work 
required  to  two  years,  allowing,  in  some  of  the  institutions,  a  large  number  of  elec- 
tives.  In  nearly  all  of  the  institutions  laboratory  work  forms  an  important  part  of  the 
instruction,  and,  where  possible,  it  is  accompanied  by  field  work.  The  laboratory, 
recitations,  and  lectures  are  combined  in  many  of  the  institutions  in  both  horticul- 
ture and  botany. 

Of  the  39  replies  from  botanists  it  appears  that  there  are  2,234  students  pursu- 
ing botany  in  the  land-grant  colleges.  About  one-half  of  these  intend  to  make  use 
of  it  in  a  practical  way,  either  in  instruction  or  in  its  application  to  agriculture  and 
horticulture.  The  number  of  students  taking  work  in  horticulture,  from  replies 
received,  is  1,006. 

The  number  of  students  taking  post-graduate  work  in  the  different  institutions  is  com- 
paratively small.  Twenty-eight  are  pursuing  post-graduate  work  in  botany  in  30 
institutions  from  which  replies  were  received.  The  horticultural  instruction  is  given 
along  very  practical  lines  in  these  institutions.  An  increased  interest  in  this  work  is 
shown  in  nearly  all  of  the  colleges.  In  addition  to  the  regular  horticultural  instruc- 
tion, the  subjects  of  forestry  and  floriculture  are  receiving  increased  attention,  several 
of  the  institutions  offering  good  courses  in  floriculture. 

Some  of  the  subjects  treated  in  the  different  institutions  are  as  follows:  Morphology 
and  physiology,  dendrology,  geographical  botany,  comparative  histology,  mycology, 
economic  botany,  weeds  and  seed  testing,  forage  plants,  taxonomy,  cryptogamic  bot- 
any, algology,  ecology,  vegetable  physiology,  microscopic  examination  of  foods,  etc. 
The  courses  given  certainly  show  a  wide  range  of  instruction,  and,  it  seems  to  me, 
fulfill  every  requirement  for  these  institutions.  Every  opportunity  should  be  given 
for  instruction  in  morphology,  physiology,  and  systematic  botany.  There  should  be 
at  least  a  minimum  requirement  for  these  lines  of  work,  these  great  divisions  of  bot- 
any constituting  the  groundwork  upon  which  other  divisions  of  the  science  rest. 

Few  institutions  are  doing  extended  work  in  vegetable  physiology.  It  must  be 
said,  however,  that  the  equipment  for  this  kind  of  work,  although  it  need  not  be 
extensive,  is  not  at  hand  in  many  of  the  institutions,  nor  has  there  been  enough 
stimulus  given  in  this  country  to  that  kind  of  work.  Few  of  the  land-grant  colleges 
have  a  special  chair  of  vegetable  physiology. 

It  must  be  said  to  the  credit  of  many  institutions  that  the  botanical  work  is  taking 
practical  form,  as  will  be  seen  from  the  curricula  of  many  institutions  which  give 
such  courses  as  agrostology,  seed  testing,  microscopic  examination  of  foods,  applied 
botany,  and  mycology.  After  all,  it  is  important  to  begin  with  those  branches  of  the 
science  of  botany  that  deal  with  the  fundamental  principles.  It  is  more  important 
to  give  a  good  training  in  the  fundamental  principles  of  morphology,  physiology, 
and  systematic  botany  than  to  give  extended  special  courses,  but  many  of  the  insti- 
tutions are  unable  to  offer  the  best  facilities  for  research  work  because  of  the  great 
lack  of  library  facilities,  so  important  a  feature  of  research  work. 

The  number  of  land-grant  colleges  that  have  full  sets  of  journals  to  pursue  gradu- 
ate work  can  be  counted  on  the  fingers  of  both  hands.  Except  for  certain  problems 
which  do  not  require  a  great  deal  of  literature,  there  are  comparatively  few  research 
centers  in  the  United  States.  It  is  to  be  regretted,  therefore,  that  some  of  the  publi- 
cations show  a  tendency  to  omit  reference  to  work  previously  done  along  the  same 
lines.  But  the  stations  are  new,  and  research  libraries  will  grow.  In  the  course  of 
time  our  land-grant  colleges  will  be  able  to  accomplish  much  more  than  they  have 
been  doing  in  the  way  of  botanical  research  work. 

In  answer  to  the  question  as  to  the  extent  of  the  collections  quite  a  number 
responded.    Many  of  the  institutions  have  excellent  collections.    It  may  be  of  inter- 
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est  to  enumerate  here  some  of  the  different  colleges  which  have  representative  col- 
lections: Connecticut,  100;  Alabama,  400;  Delaware,  1,000;  Texas,  1,500;  Oklahoma, 
2,400;  Pennsylvania,  3,500;  Nevada,  4,000;  Missouri,  4,000;  Indiana,  5,000;  South 
Carolina,  6,000;  South  Dakota,  10,000;  Idaho,  10,000;  Arizona,  10,000;  Oregon, 
10,000;  Colorado,  11,000;  Maryland,  12,000;  Maine,  15,000;  Wyoming,  16,000;  AVash- 
ington,  20,000;  New  Jersey,  30,000;  Michigan,  75,000;  Iowa,  75,000;  Nebraska, 
85,000. 

Many  of  the  institutions  did  not  reply  to  the  queries  sent  out,  so  the  list  does  not 
include  some  of  the  States  that  have  excellent  collections.  The  replies  received 
indicate  that  the  collections  are  made  along  economic  lines.  Many  of  the  institu- 
tions have  excellent  collections  of  forage  plants  and  weeds.  Leguminosse,  Rosacea, 
Composite,  and  Graminese  are  largely  represented.  There  are,  however,  as  yet  few 
garden  herbaria.  One  of  the  best  of  these  is  at  Cornell  University,  and  good  begin- 
nings have  been  made  in  Maine,  Vermont,  and  Iowa.  Missouri  and  many  other 
States  have  excellent  horticultural  material  to  work  with. 

Many  of  the  institutions  are  assisting  the  public  schools  in  nature  study,  either 
directly  by  issuing  nature-study  leaflets  or  by  their  connection  with  the  various 
educational  organizations  of  the  different  States.  As  a  most  noteworthy  example  in 
this  kind  of  work,  mention  may  be  made  of  Cornell  University,  after  which  other 
States  have  patterned.  The  Michigan  Agricultural  College  and  Purdue  University 
have  also  done  considerable  work  in  this  line.  These  nature-study  leaflets  are  also 
being  issued  by  the  workers  of  the  Iowa  Experiment  Station. 

EXPERIMENT  STATION  WORK. 

The  various  station  botanists  have  been  engaged  in  the  following  lines  of  work: 
The  subject  of  weeds  has  received  attention  in  the  following  places:  Nevada,  Kan- 
sas, Iowa,  Washington,  Oregon,  Oklahoma,  Idaho,  Maine,  Vermont,  Ohio,  Colorado, 
and  Nebraska. 

Mycological  subjects  are  receiving  attention  from  the  botanists  of  Ohio,  Wyoming, 
Vermont,  North  Dakota,  New  Jersey,  South  Carolina,  Michigan,  Idaho,  Maine,  Ala- 
bama, Washington,  Oregon,  Maryland,  South  Dakota,  Oklahoma,  Arizona,  Colorado, 
Iowa,  Massachusetts,  Connecticut,  Rhode  Island,  Florida,  and  Geneva,  N.  Y.,  stations. 

The  subject  of  grasses  is  receiving  attention  in  Kansas,  Iowa,  Nebraska,  Massa- 
chusetts, Missouri,  South  Dakota,  Minnesota,  Colorado,  and  Wyoming. 

The  subject  of  spraying  in  Washington,  Iowa,  Ohio,  Wisconsin,  Missouri,  Nebraska, 
Maine,  Massachusetts,  Connecticut,  California,  and  Maryland. 

The  subject  of  forestry  is  receiving  attention  by  one  botanist  and  by  the  horticul- 
turists of  Minnesota,  Iowa,  and  New  Mexico.  In  Arizona  considerable  attention  is 
being  given  to  the  subject  of  the  date  palm. 

Many  of  the  station  botanists  are  studying  the  ecological  distribution  of  plants,  in 
some  cases  partly  by  the  station  and  partly  in  connection  with  the  State  geological 
surveys;  in  others  it  is  done  entirely  by  the  station. 

Other  subjects  which  have  been  treated  -  of  indifferent  station  bulletins  are  pedi- 
grees of  wheat  and  potatoes,  bacteriology  of  milk  and  cheese,  the  restriction  of  tuber- 
culosis, pasteurization  as  applied  to  butter  making.  The  latter  line  of  work  is  pursued 
by  the  Wisconsin  Station.  Somewhat  similar  lines,  including  the  bacterial  diseases 
of  plants,  are  pursued  by  the  New  York  State  Station.  The  Wisconsin  Station  is  also 
studying  the  bacteriosis  of  cabbage  and  allied  plants. 

Different  horticultural  experiment  station  work  is  along  the  line  of  methods  of 
preserving  fruits  and  vegetables  in  Kansas  and  cold  storage  of  fruits.  West  Virginia 
is  pursuing  the  study  of  orchard  renovation  and  orchard  fertilization.  The  subject 
of  grapes  is  receiving  attention  in  Kentucky,  California,  Geneva,  N.  Y.,  and  Texas. 
Comparisons  of  fruits  as  to  hardiness  and  productiveness  are  made  by  nearly  all  the 
station  horticulturists.  Phenological  observations  are  being  made  by  Vermont, 
Iowa,  and  Missouri.  Studies  in  pollination  by  Iowa,  Vermont,  Cornell  and  Geneva, 
N.  Y.,  Kansas,  and  Maine.  The  subject  of  winterkilling  of  trees  is  receiving  atten- 
tion in  Missouri,  Iowa,  and  Minnesota.  The  subject  of  forestry  is  receiving  attention 
in  Minnesota,  the  station  horticulturist  having  issued  a  concise  manual  on  forestry. 

■  L.  H.  Pammel,  Chairman. 

The  convention  then  proceeded  to  the  consideration  of  the  special  order  for  the 
morning,  viz,  the  report  on  resolutions  of  respect  for  Senator  Morrill,  and  the  chair 
recognized  President  Buckham,  of  A7ermont. 

M.  H.  Buckham,  of  Vermont: 

It  is  sometimes  said  that  democracies  produce  but  few  great  men,  and  that  they 
do  not  love  the  few  they  do  produce.    It  might  be  said  in  reply  that  democracies  do 
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not  need  the  same  kind  of  great  men  that  other  forms  of  society  need — men  who 
tower  above  the  rest  of  the  people,  and  organize  and  mobilize  the  mass — because  the 
high  average  of  ability  and  merit  which  democracy  fosters  is  a  better  guaranty  of 
social  well-being  than  the  phenomenal  excellence  of  a  few  outstanding  men.  But  it 
is  open  to  us  to  challenge  the  statement  itself,  and  to  maintain  that  democracies  have 
always  produced,  and  can  be  depended  on  to  produce,  a  certain  kind  of  great  men, 
and  that  when  produced  the  people  admire  and  honor  and  love  them.  These  men 
are  not  great  after  the  pattern  of  the  Qesars,  the  Charlemagnes,  the  Louis  XIV's. 
the  Xapoleons,  the  Bismarcks,  nor  even  after  the  pattern  of  the  Mirabeaus  and  the 
Cromwells  ;  they  are  not  men  who  dazzle  and  overawe  the  multitude,  and  trample 
down  inferiors,  and  have  to  ask  indulgence  from  history  for  great  crimes  in  consid- 
eration of  great  merits  and  services.  They  are  men  after  the  pattern  of  William  of 
Orange,  and  Washington,  and  John  Bright,  and  Lincoln — men  who  have  the  common 
•virtues  of  the  people  or  the  nation  carried  to  a  high  pitch  of  excellence,  and  by 
virtue  of  that  eminence  in  degree,  rather  than  of  any  distinction  in  kind,  are  the 
natural  and  acknowledged  and  trusted  and  loved  leaders  of  the  people  in  ways 
which  in  their  deepest  hearts  the  people  themselves  approve  and  desire. 

Of  this  class  was  Senator  Morrill.  I  hesitate  even  in  this  class  to  speak  of  him  as 
a  great  man.  He  was  not  a  man  who  claimed  homage  in  his  lifetime.  It  was  never 
natural  to  apply  to  him  terms  of  eulogy.  He  neither  used  nor  invited  superlative  or 
grandiose  language.  And  yet  what  other  American  of  our  times  has  had  a  day  set 
apart  to  his  memory  in  every  State  and  Territory  in  the  Union  ?  It  was  said  of 
Washington  that  he' instituted  in  the  minds  of  mankind  a  new  order  of  greatness. 
May  we  not  say  of  Mr.  Morrill  that  in  a  humbler  way  he  set  up  before  our  demo- 
cratic people  a  pattern  of  public  virtue  and  public  service  which,  if  not  a  new  one, 
is  brought  home  to  our  people,  and  especially  to  our  young  men,  with  unusual  and 
most  impressive  force  in  his  person  and  career.  It  is  in  this  view  of  him,  as  a  natural 
product  or  a  natural  outgrowth  of  our  New  England  democratic  institutions,  that  I 
shall  ask  you  to  study  with  me  for  a  few  moments  his  life  and  deeds. 

The  incidents  of  Mr.  Morrill's  early  life  have  been  so  often  told  in  the  public 
notices  of  him  that  we  need  not  dwell  much  on  them.  He  had  the  inestimable 
advantage  of  being  born  in  the  country,  which  a  great  writer  says  is  one  of  the  three 
greatest  possible  blessings  in  life.  He  was  the  son,  the  grandson,  and  the  brother  of 
blacksmiths,  any  one  of  whom,  I  doubt  not,  could  have  sat  for  Longfellow's  honest 
blacksmith.  It  offends  the  self-importance  of  us  teachers  that  he  could  have  got  so 
much  education  with  so  little  of  our  schooling.  The  secret  of  it  is,  I  suppose,  that  a 
few  first-class  books — they  must  be  few  as  well  as  first-class — well  read  and  thought 
over,  eager  and  cogent  discussions  of  great  public  events,  such  discussions  as  only 
Scotchmen  and  Xew  Englanders  are  capable  of,  these  superadded  to  the  inherited 
intellectuality  and  acquisitiveness  of  a  good  Yankee  brain,  will  account  for  any  degree 
of  education  short  of  one  broadly  liberal.  How  strange  it  sounds  in  these  "hustling 
times  that  after  a  few  years  of  good  trade  in  a  country  store  a  man  still  young  should 
decide  that  he  had  made  money  enough,  and  resolve  to  retire  upon  a  farm  and  enjoy 
his  otium  cum  dignitate!  But  this  man,  apparently  without  ambition,  certainly 
without  ambition  in  the  Roman  sense,  this  man  who  would  not  go  about  begging  for 
votes  to  put  him  in  office,  was  the  man  whom  the  people  wanted  in  office — would 
that  all  our  people  wanted  such  a  man !  And  accordingly  they  sent  him  to  the  National 
Congress,  and  kept  him  there  longer  than  any  other  member  of  Congress  has  been 
kept  in  office  during  the  whole  existence  of  our  Government.  Why  did  our  little 
State  of  Vermont  have  the  great  good  fortune  to  be  represented  by  such  a  man,  while 
many  large  and  powerful  States  have  been  represented  by  inferior  men?  Was  it 
because  of  the  lack  of  able  and  good  men  in  these  States?  Certainly  not.  There  is 
no  dearth  of  good  men  in  all  the  States.  If  Mr.  Morrill  had  been  a  resident  of  one 
of  these  States  would  he  have  been  sent  to  the  Senate  from  that  State?  Almost  cer- 
tainly not.  I  should  be  sorry  to  think  that  all  States  are  represented  by  their  typical 
men,  but  in  Mr.  Morrill  Vermont  was  so  represented.  Vermont"  and  Mr.  Morrill 
were  exactly,  ideally  fitted  to  each  other.  He  would  have  been  a  fit  representative 
of  no  other  State.  And  I  do  not  say  that  Mr.  Morrill  represented  all  of  Vermont.  We 
do  not  forget  Mr.  Edmunds,  who  was  also  a  true  Vermonter.  Nor  do  I  think  that 
Mr.  Morrill  reproduced  would  as  fittingly  represent  Vermont  in  the  time  to  come  as 
he  did  in  his  time.  Vermont  has  changed  with  all  the  rest  of  the  world.  The  country 
life,  village  life,  farm  life,  the  country  schools,  the  country  churches,  the  town  meet- 
ings, the  village  squire,  the  village  store  and  tavern  and  "blacksmith's  and  cooper's 
shops,  the  old  plain-living  and  high-thinking,  society  as  it  was  in  the  beginning  and 
earlier  half  of  Mr.  Morrill's  career — all  this  is  very  much  changed  and  has  almost 
ceased  to  be.  Vermont  will  never  have  another  Mr.  Morrill,  because  the  elements 
which  produced  him  have  passed  away.    All  the  more  reason  this  why  we  should 
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make  the  most  of  him,  and  fix  him  in  our  affections  and  memory  as  an  everlasting 
possession,  and  why  we  call  upon  you  of  the  other  States  to  join  us  in  appreciating 
and  honoring  him. 

The  puzzling  thing  to  account  for,  apparently,  in  Mr.  Morrill's  career  is  the 
passing  of  the  small  storekeeper  and  the  small  farmer  into  a  statesman  of  national 
breadth  and  cosmopolitan  ideas.  The  underlying  assumption  is  that  a  man  who 
grows  up  in  a  parochial  environment  will  have  parochial  ideas  of  all  things,  and  there 
is  much  reason  in  the  assumption.  But  the  explanation  of  Mr.  Morrill's  case  is  not 
far  to  seek.  He  had  in  him  the  capacity  of  growth,  and  he  grew  up  to  his  capacity. 
As  we  teachers  well  know,  the  great  difference  in  youths  is  a  difference  in  capacity  of 
growth.  As  it  is  with  seeds  so  it  is  with  souls.  Some  seeds  in  the  best  soil  come  to 
little;  others  absorb  all  that  soil  and  sun  and  rain  can  bestow,  and  grow  amazingly. 
I  have  no  doubt  that  even  when  Mr.  Morrill  joined  in  discussions  in  the  country 
store,  when  he  was  a  farmer  among  farmers,  his  neighbors  recognized  him  as  the 
broadest  man  among  them.  But  when  he  went  to  Washington  he  became,  and  he 
remained  to  his  last  day,  a  laborious  student  of  national  affairs  from  a  national  point 
of  view.  He  maintained  his  political  headquarters  at,  and  took  his  political  bearings 
from,  no  longer  Strafford,  or  the  Congressional  district  of  his  State,  or  Vermont,  or 
New  England,  or  the  North,  but  Washington  for  a  center,  with  a  radius  reaching  to 
the  remotest  corner  of  the  Union.  Doubtless  he  loved  as  much  as  ever  the  Ompom- 
ponoosuc  River,  in  which  he  had  fished  and  bathed  when  a  boy;  but  his  thoughts  and 
his  dreams  now  ran  with  the  Potomac  and  the  Mississippi.  Any  American  who  has 
the  capacity  for  greatness  will  become  great-minded  and  great-hearted  if  he  will  let 
his  being  flow  out  with  the  lines  of  latitude  and  longitude,  and  with  the  length  and 
breadth  of  the  thoughts  and  ideas  of  his  whole  country;  and  this  Mr.  Morrill  did,  and 
this  was  the  reason  why,  while  others  remained  narrow  and  sectional  and  intolerant, 
he  grew  into  a  statesmanlike  breadth  and  magnanimity. 

The  best  illustration  and  confirmation  of  this  view  of  Mr.  Morrill  we  get  iii  looking 
at  the  three  great  series  of  measures  for  which  his  public  career  is  distinguished.  The 
first  is  his  tariff  measure.  That  which  most  impresses  one  in  reading  through  the 
debates  in  Committee  of  the  Whole  during  the  progress  of  these  measures  is  his 
masterful  grasp  of  details  on  the  one  hand,  and  on  the  other  the  large,  impartial, 
catholic  outlook  over  the  whole  field  of  industry  and  commerce.  While  others  were 
mainly  intent  on  getting  a  selfish  or  sectional  indulgence  for  sugar  or  rice  or  cotton- 
ties  or  collars  and  cuffs,  he  kept  ever  in  mind  the  provision  of  the  Constitution  that 
taxes  should  be  laid  and  collected  in  order  to  provide  for  the  general  welfare.  AVhen  we 
look  back  over  this  distance  of  time,  and  study  the  circumstances  under  which  this  vast 
system  of  protective  legislation  was  first  organized;  when  we  consider  how  improba- 
ble it  was  that  a  measure  involving  so  many  conflicting  and  mutually  jealous  inter- 
ests could  have  been  so  adjusted  as  to  have  any  chance  of  success;  how  admirable 
appear  the  patient  consideration  of  all  views  and  claims;  the  calmness  and  poise  of 
judgment,  the  conciliatory  and  persuasive  wisdom  which  carried  the  measure  through 
with  so  little  final  opposition.  Contemporary  applause  does  not  follow  this  kind  of 
statesmanship.  A  legislative  measure  consisting  mainly  of  percentages  does  not  fur- 
nish material  for  a  sonorous  peroration.  But  history,  with  its  clear  and  solemn  though 
late  award  of  praise,  forgets  the  brilliant  maker  of  speeches,  and  treasures  the  mem- 
ory of  the  man  who  by  wise  and  patriotic  fiscal  measures  encourages  and  fosters  the 
industries,  trade,  and  commerce  of  his  whole  country. 

Next  consider  the  prominent  part  taken  by  Mr.  Morrill  in  the  erection  of  the  great 
public  buildings  which  adorn  the  seat  of  Government,  It  is  really  a  marvelous  thing 
that  Mr.  Morrill,  of  all  the  men  of  his  generation,  should  have  been  the  most  ardent 
and  persistent  ad  vocate  of  splendid  national  architecture.  How  did  he,  more  than  any 
statesman  of  his  time,  arrive  at  that  high  and  fine  appreciation  of  the  elements  of 
national  greatness  which  prompted  him  to  say,  as  reported  by  Senator  Vest,  that  no 
people  could  arrive  at  the  first  rank  in  civilization  and  refinement  who  were  not  devoted 
to  architecture  and  its  majestic  and  beautiful  forms  of  art?  Where  did  this  plain 
man  from  a  little  country  village,  who  had  not  traveled  extensively,  who  had  had 
little  opportunity  for  studying  the  great  architectural  monuments  of  the  world,  where 
did  he  get  his  conception  of  the  significance  and  value  of  the  grand  and  gorgeous  and 
imposing  in  national  architecture?  Surely  it  should  have  been  some  denizen  of  a 
great  city,  or  some  statesman  widely  traveled  and  thoroughly  versed  in  art;  it  should 
have  been  Sumner,  or  Motley,  or  Everett,  or  Evarts,  or  one  of  the  Adamses,  who 
should  have  roused  national  sentiment  and  taste  to  this  height  of  artistic  appreciation. 
I  think  the  explanation  of  Mr.  Morrill's  enthusiasm  on  this  subject  is  not  far  to  seek, 
and  again  I  find  it  in  his  large  and  noble  patriotism.  Mr.  Morrill's  own  magnanimity, 
his  idealization  of  his  country  as  being  essentially  great  and  commanding  and  glorious, 
demanded  that  every  embodiment  and  expression  of  that  nationality  should  be  digni- 
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fied  and  impressive  and  costly.  And  this  not  only  because  it  is  in  accord  with  the 
fitness  of  things,  but  because  government  better  fulfills  its  own  purpose,  commands 
respect  and  obedience,  calls  forth  loyalty  and  pride  and  affection,  when  it  appeals  to 
both  head  and  heart  through  symbols  which  bespeak  its  intrinsic  authority  and 
majesty  and  sanctity.  The  Library  of  the  Congress  of  the  United  States,  simply 
because  it  is  the  Library  of  the  Congress  of  the  LTnited  States,  ought  to  be  enshrined 
in  the  most  superb  library  building  in  the  world,  and  it  is.  The  Supreme  Court  of  the 
United  States,  the  most  august  judicial  body  in  the  world,  ought  to  hold  its  sittings  in 
an  edifice  which  declares  to  all  the  world  the  public  sense  of  the  solemnity  and  author- 
ity of  the  supreme  law  which  that  court  adjudicates;  and  if  Mr.  Morrill's  last  words 
in  the  Senate  are  heeded,  as  they  deserve  to  be,  such  an  edifice  the  Supreme  Court 
will  ere  long  have. 

This  brings  us  to  the  last  and  greatest  of  Mr.  Morrill's  public  measures,  that  one 
which  is  the  cause  of  our  being  here  to-day,  the  national  endowment  of  higher  edu- 
cation. The  men  who  have  reached  eminence  without  having  had  the  help  of  supe- 
rior education  easily  divide  themselves  into  two  classes.  On  the  one  side  are  the 
men  who,  conscious  of  their  superiority  to  many  of  the  men  highly  educated,  dis- 
parage education  as  a  road  to  eminence,  virtually,  sometimes  almost  overtly,  saying, 
"Behold  how  great  a  man  I  am,  and  I  owe  my  greatness  to  no  college;  therefore  the 
college  is  not  essential  to  greatness."  Let  us  not  take  these  men  too  seriously.  If 
we  must  strike  a  balance  between  gifts  and  discipline,  we  must  doubtless  give  the 
preponderance  to  gifts.  But  these  highly  gifted  men  really  get  college  discipline  by 
proxy.  They  set  up  for  themselves  the  intellectual  standards  of  the  college;  they 
avail  themselves  of  college  materials  and  appliances  for  study;  they  do  but  drink 
knowledge  from  the  overflowing  stream  instead  of  the  fountain  head.  And  they  are 
often  the  bountiful  friends  of  colleges.  They  endow  libraries;  they  found  museums 
of  science  and  art.  The  men  of  the  other  class,  even  when  conscious  of  superior 
gifts,  do  not  fail  to  see  how  much  more  momentum  is  gained  by  adding  discipline  to 
gifts,  and,  conscious  of  their  own  loss  of  power  through  lack  of  discipline,  they  are, 
in  any  way  open  to  them,  advocates  and  promoters  of  institutions  of  higher 
learning.  To  this  latter  class  belonged  Mr.  Morrill.  What  wras  his  motive  in 
seeking  national  endowment  of  colleges  of  agriculture  and  the  mechanic  arts? 
Those  who  always  seek  to  account  for  human  conduct  by  the  lowest  motive  avail- 
able have  said:  "Oh,  Mr.  Morrill  was  catering  for  the  votes  of  farmers,  who  are 
omnipotent  in  his  State."  But  Mr.  Morrill  knew  the  farmers  of  his  State  well 
enough  to  understand  that  this  measure  was  not  likely  to  be  popular  with  this  class 
at  first;  that  much  inertia  and  jealousy  and  opposition  would  have  to  be  overcome 
before  the  farmer  of  Vermont  or  of  any  other  State  could  be  brought  into  sympathy 
with  a  project  so  novel  and  revolutionary,  a  view  which  we  all  know  has  been  borne 
out  by  the  facts.  In  the  failure  of  the  alleged  lower  motive,  let  us  look  at  the  higher, 
the  real  motive.  I  think  we  shall  find  it  breathing  all  through  the  language  of  the 
act,  especially  in  the  main  clause,  which  declares  the  purpose  to  be  to  establish  and 
maintain  colleges,  "the  leading  object  of  which  shall  be,  without  excluding  other 
scientific  and  classical  studies,  and  including  military  tactics,  to  teach  such  branches 
of  learning  as  are  related  to  agriculture  and  the  mechanic  arts,  in  order  to  promote 
the  liberal  and  practical  education  of  the  industrial  classes  in  the  several  pursuits  and 
professions  in  life."  Grammatically  considered,  this  language  is  a  little  mixed,  and 
has  occasioned  at  times  some  divergence  and  controversy.  Possibly  a  lawyer  or  a 
critical  scholar  might  have  put  it  in  neater  and  more  precise  form.  It  starts  out  appar- 
ently to  establish  a  purely  technical  school  of  agriculture  and  the  mechanic  arts.  But 
that  was  too  narrow  a  statement  of  the  education  Mr.  Morrill  had  in  mind;  so  he 
inserted  parenthetically  "  not  excluding  (therefore  including)  other  scientific  and  clas- 
sical studies. ' '  And  yet,  in  order  to  keep  the  distinctive  feature  clear,  the  leading 
object  shall  be,  to  teach  agriculture  and  the  mechanic  arts?  No,  not  to  teach  arts,  but 
branches  of  learning  relating  to  these  arts.  The  college  wras  to  be  an  institution  of 
learning,  in  which  the  leading  object  was  to  teach  branches  of  learning — that  is, 
sciences.  Does  this  now  satisfy  Mr.  Morrill?  Far  from  it,  The  main  thought  and 
motive  of  the  whole  is  yet  to  come  out.  What  is  the  ruling  principle  which  is  to 
shape  and  control  these  institutions?  Is  it  to  give  a  sort  of  apprenticeship  to'farmers 
and  artisans  in  their  callings — to  be  a  trade  school  on  the  one  hand  or  a  school  of 
abstract  and  visionary  science  on  the  other?  No,  it  is  to  give  education — not  mere 
apprenticeship,  not  mere  learning — an  education  which  shall  be  first  liberal,  then 
practical — the  best  feasible  combination  of  the  two — an  education  which  shall  be 
adapted  to  the  needs  of  those  who  are  entering  upon  not  only  farming  and  mechan- 
ical pursuits,  but  upon  all  the  pursuits  and  professions. 

Objection  has  been  made  to  the  phrase  "industrial  classes,"  as  though  it  implied 
the  existence  of  a  leisured  class  who  were  to  be  excluded  from  the  benefit  of  the  act. 

14815— No.  76  3 


84 


But  what  Mr.  Morrill  meant,  as  his  many  speeches  show,  was  that  the  liberal  educa- 
tion of  the  industrial  classes  should  make  their  pursuits  professions;  should  liberalize 
the  industries  and  arts  of  life.  And  this  is  really  the  central  and  controlling  thought 
of  the  whole  scheme  to  bring  the  light  of  learning  and  the  aid  of  science  to  bear  upon 
those  pursuits  and  callings  which,  hitherto  regarded  as  illiberal  and  a  badge  of  infe- 
riority, would  thus  be  lifted  to  the  plane  of  the  other  professions  and  confer  equal 
respectability  upon  their  members.  I  can  conceive  Mr.  Morrill-  saying  to  a  young 
man:  "  I  have  done  this  for  you  in  order  that  you  may  be  liberally  educated  to  be  a 
farmer  or  a  machinist,  and  so  may  have  an  equal  advantage  in  life  with  your  brother 
who  has  been  liberally  educated  to  be  a  lawyer  or  minister." 

Now,  I  affirm  that  this  is  a  distinctively  American  conception  of  the  pursuits  and 
professions  of  life;  that  in  no  other  country  in  the  world  would  it  enter  the  head  of  a 
statesman  to  endow  the  higher  education  for  such  a  purpose;  that  only  an  American 
of  unusually  large  mind  and  generous  heart  could  have  conceived  and  elaborated  and 
carried  into  act  such  a  project;  and  that  the  far-seeing  wisdom  of  the  plan  and  the 
magnificent  results  which  have  already  attended  its  execution  constitute  a  title  to 
the  homage  and  gratitude  of  posterity  which  any  statesman  of  any  age  or  country 
might  envy  Mr.  Morrill.  Ages  hence,  when  the  full  potency  of  these  institutions 
shall  be  realized  and  appreciated;  when  science  and  art  shall  cooperate  in  all  our 
industries;  when  those  who  aspire  to  be  masters,  and  not  mere  journeymen,  in  any 
trade  or  calling,  shall  seek  and  find  mastership  through  a  liberal  education  fitting 
each  for  his  calling;  when  the  three  so-called  learned  professions  shall  be  merged  in 
the  dozen  or  score  of  liberal  professions;  then  there  will  be  wise  American  statesmen 
who  will  say :  "I  would  rather  have  been  the  author  of  the  Morrill  Act  for  the 
endowment  of  higher  education  than  to  have  been  the  author  of  any  other  of  the 
great  measures  on  the  national  statute  books,  except  the  very  few  great,  heroic, 
epoch-making  acts  of  the  American  nation;  and  this  was  in  itself,  though  humbler  in 
its  form  and  calmer  in  its  operation,  one  of  the  great  epoch-making  acts  of  the 
American  nation." 

What  now  are  the  lessons  of  Mr.  Morrill's  life  to  young  men?  First,  that  success 
in  life  does  not  depend  so  much  on  having  great  opportunities  as  on  making  the  most 
of  the  opportunities  one  has.  Mr.  Morrill's  opportunities  were  not  greater  than  those 
which  fall  to  the  lot  of  hundreds  and  thousands  of  other  young  men.  His  physical 
inheritance  was  exceptional,  but  his  personal  endowments  were  by  no  means  extra- 
ordinary. He  was  not  brilliant  ;  he  had  no  special  logical,  or  philosophic,  or  esthetic, 
or  emotional  gifts.  He  had  no  charm  of  voice  or  grace  of  gesture.  But  he  made  the 
most  of  every  power  he  had,  and  of  every  opportunity  within  his  reach.  He  prob- 
ably found  quite  early  that  he  could  not  by  his  speech  captivate  or  entrance,  but 
that  he  could  give  information,  and  throw  light  on  a  subject,  and  carry  conviction, 
and  he  made  this  his  forte.  He  found  that  he  could  handle  figures  and  statistics  more 
readily  than  most  men,  and  that  his  opportunity  lay  in  the  field  of  finance,  and  he 
entered  this  field  and  mastered  it.  He  showed  no  jealousy  of  men  who  had  the 
gifts  and  attainments  that  he  had  not;  he  admired  them  without  envy,  and  gave 
himself  with  all  his  might  to  his  own  specialties. 

Secondly,  that  moral  qualities  count  for  more  than  intellectual  in  the  dynamics  of 
life.  Borrowing  a  mode  of  speech  from  physics,  we  may  say  that  in  the  momentum 
of  vital  force  mass  is  a  more  potent  factor  than  velocity,  character  than  utterance. 
The  moral  qualities  which  told  for  so  much  in  Mr.  Morrill's  life  ought  not  to  make 
any  man  conspicuous,  much  less  a  Senator  of  the  United  States.  Name  them,  and 
there  is  nothing  grand  or  heroic  in  them.  To  be  upright,  incorruptible,  unflinch- 
ing in  duty,  high-minded,  gentle,  courteous,  who  can  not  have  each  and  every  one 
of  these  qualities?  And  yet  sum  them  up  into  one  strong,  sweet,  well-balanced 
character,  and  you  have  the  greatest  promise  and  potency  of  good  which  ordinary 
human  life  affords.  The  world  needs  its  supremely  great  men — the  men  who  once 
in  a  century  or  an  age  advance  our  whole  human  life  by  one  great  forward  step. 
But  it  needs  equally  the  men  who  gather  the  ordinary  virtues  into  a  winning  and 
effective  personality  and  show  to  all  men  what  a  noble  life  is  within  the  power  of  all. 

But  the  most  significant  lesson  of  Mr.  Morrill's  life  to  a  young  man  looking  for- 
ward to  any  form  of  public  service  is  that  he  is  the  truest  representative  of  the  people 
who  represents  the  best  elements  of  the  people.  On  the  truth  of  this  proposition 
hang  all  the  best  hopes  of  popular  government.  This  more  than  all  else  divides 
public  men  into  statesmen  and  demagogues.  The  man  who  believes  in  this  principle 
and  acts  on  it  is,  in  so  far,  a  statesman.  The  man  who  doubts  and  yields  to  his  doubts 
is  a  demagogue.  When  the  people  see  their  worst  side  embodied  in  a  public  man, 
and  acted  out  on  the  public  stage  in  the  eyes  of  the  world,  they  realize  the  bad  thing 
that  it  is,  and  are  ashamed  of  it,  and  repudiate  it  and  him.  "Why  did  you  yield  to 
our  ignorance  and  delusion,  and  flatter  us  with  the  pretense  that  it  was  wisdom  and 


35 


virtue,  when  as  an  assumed  leader  you  ought  to  have  taught  us  better?  Away  with 
you,  and  give  place  to  a  more  honest  and  courageous  man ! ' '  But  when  they  see  in 
a  high  place  where  they  have  put  him  a  man  who  represents  their  better  selves,  who 
is  above  them,  and  yet  not  so  far  above  them  but  that  they  can  claim  sympathy  with 
him  and  power  to  appreciate  and  approve  him — a  man  of  whom  they  can  say  4 '  We 
are  not  profoundly  wise,  but  this  man  represents  us  even  when  he  is  wiser  than  we 
are,  because  he  represents  us  at  our  best" — that  is  the  man  to  whom  the  people  love 
to  show  their  favor  by  keeping  him  in  his  high  place  as  long  as  he  has  power  to  do 
them  service.  The  people  can  be  fooled,  but  they  repent  of  their  folly  and  curse  the 
man  who  fooled  them.  But  the  man  who  never  fools  them,  never  yields  to  them, 
tells  them  the  truth  Avhether  they  like  it  or  not,  insists  that  they  are  better  and  wiser 
men  than  they  profess  to  be,  appeals  from  the  populace  drunk  or  mad  to  the  people 
sober  and  sane,  that  man  is  not  only  justified  in  his  own  mind  and  by  the  few  wise, 
he  is  in  the  long  run  the  popular  favorite,  the  man  universally  respected  and  beloved 
and  continued  in  office  as  long  as  his  faculties  survive,  the  Grand  Old  Man  of  whom 
his  constituency,  his  State,  his  nation,  are  proud. 

But  no  man  is  wise  who  isolates  himself  from  the  collective  wisdom  of  his  people. 
Where  did  Mr.  Morrill  find  in  concrete  form  the  better  elements  whom  he  strove  to 
represent?  Who  were  his  immediate  constituents  whom  he  consulted  from  time  to 
time,  and  who  were  to  him  the  source  and  standard  of  political  wisdom?  They 
were  the  intelligent,  reading,  thinking,  silent,  people  of  his  own  State — men  who 
are  much  in  contact  with 'nature,  and  whose  minds,  like  her  processes,  move  slowly 
but  safely  and  surely;  men  who  read  their  Bibles  and  "go  to  meeting,"  and  make 
good  selectmen  and  justices  of  the  peace  and  side  judges;  men  who  seldom  give  an 
opinion  until  it  is  asked  for;  but  men  in  whose  hearts  is  latent,  but  always  ready  for 
an  emergency,  the  calm  prudence,  the  sagacity,  the  rectitude  of  judgment  which  men 
like  Mr.  Morrill  draw  forth,  and  out  of  which  they  construct  the  statesmanship  which 
commands  the  respect  of  the  Senate  and  the  nation. 

It  is  a  most  happy  circumstance — it  is  more,  it  is  cause  for  never-ceasing  thanks- 
giving and  congratulation — that  the  students  in  the  colleges  of  agriculture  and 
mechanic  arts  will  have  for  their  founder  the  man  whom  in  all  time  to  come  they 
will  be  taught  to  honor  and  revere  and  imitate,  such  a  man  as  Mr.  Morrill.  For  with 
all  his  merit  he  was  an  imitable  man,  not  a  phenomenal,  impossible  man,  whose  suc- 
cess only  begets  discouragement  and  despair,  but  one  whose  example  attracts  and 
inspires.  Happy  is  the  college  whose  students  learn  from  him  to  cultivate  worth 
rather  than  ostentation;  to  prefer  the  respect  which  ever  attends  modesty  and  sincerity 
and  good  work  to  the  admiration  which  for  the  moment  only  is  bestowed  on  qualities 
that  are  shining  but  superficial ;  to  regard  as  the  most  covetable  human  attainment 
the  power  and  the  will  to  serve  one's  own  and  all  succeeding  generations.  Happy  is 
the  country  which  has  in  every  State  and  Territory  at  least  one  college  in  which  the 
leading  object  is  to  educate  young  men  who  will  carry  the  spirit  of  Justin  S.  Morrill 
into  all  the  pursuits  and  professions  of  life ! 

Mr.  President,  I  have  the  honor  to  offer  the  following  resolutions: 

Whereas  Justin  Smith  Morrill,  a  man  of  large  native  capacity,  but  of  limited 
academic  and  no  collegiate  education,  conscious  of  his  own  deficiencies,  and  sympa- 
thetic with  the  thousands  of  his  countrymen  who,  like  himself,  had  missed  the  great 
advantages  of  a  liberal  education,  did,  in  the  session  of  1856-57,  being  then  a  Repre- 
sentative in  Congress  from  Vermont,  introduce  and  advocate  the  passage  of  a  bill  in 
Congress  designed  to  promote  the  liberal  and  practical  education  of  the  industrial 
classes  in  the  several  pursuits  and  professions  in  life,  especially  in  agriculture  and  the 
mechanic  arts;  which  bill,  after  having  been  passed  by  both  Houses  of  Congress,  was 
vetoed  by  President  Buchanan;  and 

Whereas  nothing  daunted  by  this  defeat  and  by  opposition  from  other  quarters, 
and  not  deterred  by  the  absorbing  claims  of  the  interests  connected  with  the  civil 
war  then  raging,  he  did,  in  the  United  States  Senate,  of  which  he  was  then  a  mem- 
ber, in  the  session  of  1861-62,  reintroduce  substantially  the  same  measure,  and  press 
it  to  successful  passage,  so  that  it  received  the  signature  of  President  Lincoln  and 
became  law  July  2,  1862,  in  consequence  of  which  action  every  State  and  Territory 
of  the  Union  has  in  course  of  time  established  a  college  or  colleges  in  accordance  with 
the  terms  of  the  act;  and 

Whereas  the  experience  of  twenty-eight  years  having  clearly  revealed  at  once  the 
incalculable  benefits  of  the  institutions  thus  established,  and  the  inadequacy  of  the 
endowment  for  carrying  out  the  objects  proposed,  Senator  Morrill  did,  in  1890,  intro- 
duce a  bill  for  the  further  endowment  of  these  institutions,  which  measure  he  suc- 
ceeded in  carrying  through  largely  by  his  personal  weight  of  character;  and 

Whereas  by  this  series  of  measures,  and  by  the  act  corollary  to  them,  carried 
through  in  1887  by  Representative  Hatch,  of  Missouri,  establishing  and  endowing 
the  United  States  experiment  stations,  a  great  impulse  has  been  given  to  agricultural 
and  mechanical  education  and  research,  and  the  benefits  of  scientific  and  liberal 
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education  have  been  diffused  and  enjoyed  to  an  extent  hitherto  unprecedented  in 
this  or  any  other  country  in  the  world:  Therefore,  be  it 

Resolved,  That  the  gratitude  of  the  people  of  every  State  and  Territory  in  the  Union 
is  due  to  the  statesman  whose  farseeing  wisdom  conceived  and  shaped  the  plan  of 
the  colleges  of  agriculture  and  the  mechanic  arts;  whose  public  spirit  and  patriotism 
inspired  him  with  the  enthusiasm  which  communicated  itself  to  his  colleagues  and 
their  constituencies;  and  whose  high  personal  character  and  long  and  honorable 
public  service  won  respect  and  votes  in  both  Houses  for  a  measure  which  he  was 
known  to  have  so  much  at  heart. 

Resolved,  That  the  people  of  the  several  States  and  Territories  are  urged  to  show 
the  respect  and  gratitude  due  to  Senator  Morrill  by  such  appropriate  memorials  as 
they  may  severally  approve,  and  more  especially  by  such  additional  grants  and 
endowments  as  will  still  further  extend  the  benefits  of  these  institutions  for  the 
objects  had  in  view  by  their  founder. 

Resolved,  That  it  affords  to  the  guardians  of  and  teachers  in  these  institutions  per- 
petual reason  for  congratulation  that  their  founder  can  be  held  up  before  the  young 
as  so  conspicuous  an  example  and  model  of  industry,  of  fidelity  to  trusts  and  obliga- 
tions, of  integrity  proof  against  all  temptations,  of  thoughtfulness  for  others,  of 
modesty,  and  of  the  success  and  honor  that  crown  lifelong  devotion  to  the  public 
welfare. 

Resolved,  That  the  wisdom  of  the  provisions  which  include  military  science  and 
tactics  in  the  instruction  given  in  these  colleges  is  amply  vindicated  by  events,  and 
especially  by  the  military  spirit  manifested  and  the  efficient  services  rendered  by 
graduates  and  other  members  of  the  colleges  during  the  late  war  with  Spain,  whereby 
it  has  been  made  manifest  that  the  country  can  rely  upon  the  support  of  a  large 
number  of  its  choicest  young  men  in  any  emergency  in  which  prompt  and  trained 
military  service  may  be  needed. 

J.  K.  Patterson,  of  Kentucky.  Ordinarily,  I  should  not  upon  my  own  initiative 
make  remarks  upon  such  an  occasion  as  this,  but  just  now  it  is  a  pleasure  to  do  so. 
After  the  discriminating  eulogy  of  our  learned  friend  and  colleague,  little  remains  to 
be  said  in  reference  to  the  character  of  the  work  of  Senator  Morrill,  and  yet  one 
feels  that  he  can  not  withhold  his  tribute  of  admiration  in  silence. 

There  are  different  kinds  of  greatness.  The  greatness  of  Homer  and  the  greatness  of 
Shakespeare  differs  in  kind  from  that  of  Columbus  and  Laplace;  and  yet  I  suppose 
there  are  grounds  upon  which  these  different  kinds  of  greatness  can  be  carried  up  into 
a  higher  unity.  After  all  that  has  been  said,  I  am  inclined  to  think  that  Justin  S. 
Morrill  will  be  esteemed  by  posterity  one  of  the  greatest  men  the  Kepublic  has  pro- 
duced; great,  not  in  the  sense  of  Washington,  who  created  the  Republic;  great,  not  in 
the  sense  of  Lincoln,  who  preserved  the  Republic;  but  great  in  the  sense  that  he  fur- 
nished the  material  means  by  which  the  greatness  and  unity  of  the  Republic  might  be 
perpetuated.  I  suppose  that  in  the  years  to  come  he  will  not  live  in  the  recollection  of 
the  masses  of  the  American  people  as  Washington  and  Lincoln  do.  His  will  not  be 
a  name  known  in  the  same  sense  in  which  their  names  will  be  known  abroad  wher- 
ever the  English  language  is  spoken  and  English  thought  translated  into  action.  But 
he  will  remain  great  and  be  esteemed  great  in  the  minds  and  hearts  of  the  learned 
men  and  learned  women  of  the  Republic,  and  these  after  all,  more  than  any  others, 
are  to  be  the  judges  of  those  who  have  advanced  the  cause  of  education.  The  thou- 
sands of  men  and  women  who  will  owe  their  education  to  him  will  enshrine  him  in 
their  hearts,  and  he  will  be  placed  before  their  children  as  a  model  worthy  of  imita- 
tion for  all  time  to  come. 

There  are  but  few  of  us  who  can  possibly  attain  anything  like  contemporary 
reputation.  We  work  in  our  several  spheres,  and  labor  in  these  colleges  which  owe 
their  existence  to  the  wise  benevolence  and  forethought  of  Justin  S.  Morrill,  and 
each  of  us  feels  that  he  exerts  an  influence  of  some  importance  in  his  own  sphere, 
but  these  influences  are  necessarily  limited.  Our  names  may  be  coextensive  with 
our  own  States  or  country,  but  only  to  few  of  our  number  is  it  given  to  achieve 
immortality.  The  stars  are  out  only  by  twos  and  threes  in  the  highest  heaven  of 
invention.  The  names  that  will  live  forever  are  comparatively  few,  and  can  be 
counted  upon  one' s  fingers.  These  are  the  immortals,  who  sit  upon  the  highest  thrones 
forever,  above  the  ordinary  level  of  mankind.    In  the  ages  to  come,  when  the  names 
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are  reckoned  up  of  the  men  of  our  country  who  shall  stand  conspicuous  for  all  time, 
there  will  be  found  among  them  the  names  of  George  Washington,  of  Virginia,  the 
creator;  Abraham  Lincoln,  of  Kentucky,  the  preserver;  and  Justin  S.  Morrill,  of 
Vermont,  who  has  laid  deep  forever,  upon  an  enduring  foundation,  the  prosperity 
and  perpetuity  of  republican  institutions. 

The  Chairman.  The  Chair  would  suggest  that,  inasmuch  as  all  associated  with  us 
will  desire  to  express  their  assent  to  these  resolutions,  our  visitors  join  with  the 
delegates  in  the  vote  upon  their  adoption,  and  that  the  vote  be  a  rising  one. 

The  resolutions  were  unanimously  adopted,  by  rising  vote. 

The  Chairman.  The  Chair  ventures  to  suggest  that  it  will  be  desirable  to  provide 
in  some  way  for  the  transmission  of  a  suitable  copy  of  these  resolutions  to  the 
family  of  Senator  Morrill. 

It  wTas  moved  that  the  secretary  of  the  Association  be  instructed  to  transmit  a  prop- 
erly engrossed  copy  of  the  resolutions  to  the  family  of  Senator  Morrill.  The  motion 
was  agreed  to. 

A.  C.  True  submitted  the  report  for  the  committee  on  methods  of  teaching  agri- 
culture, as  follows: 

Fourth  Report  of  Committee  on  Methods  of  Teaching  Agriculture.1 

The  committee  on  methods  of  teaching  agriculture  submits  a  fourth  report  of 
progress.  Continuing  the  plan  followed  in^its  third  report,  the  committee  has  made 
a  special  study  of  the  subject  of  zootechny  during  the  interval  since  the  meeting  of 
the  Association  in  Washington  in  November,  1898,  and  presents  herewith  an  outline 
of  a  course  in  zootechny  framed  with  special  reference  to  the  requirements  of  the 
four-years  college  course  in  agriculture  as  set  forth  in  previous  reports. 

Considering  the  conditions  under  which  your  committee  is  compelled  to  work, 
with  its  widely  scattered  membership  and  the  consequent  infrequent  opportunities 
for  conference,  the  reports  submitted  to  the  Association  from  time  to  time  are  neces- 
sarily imperfect  in  detail  and  as  progress  reports  represent  only  the  efforts  of  the 
committee  to  fulfill  in  some  measure  the  purposes  for  which  it  was  created  and  to 
furnish  the  Association  with  a  basis  for  the  systematic  discussion  of  the  just  limits 
and  proper  arrangement  of  a  college  course  in  agriculture.  For  this  reason  the  com- 
mittee has  not  asked  the  Association  to  indorse  its  reports  in  any  case,  and  would  not 
deem  it  wise  to  have  any  definite  action  taken  at  this  stage  of  progress  in  its  work. 
Only  after  it  has  gone  over  all  the  main  divisions  of  the  general  subject  of  agricul- 
ture will  the  material  be  at  hand  for  a  just  estimate  of  the  relations  of  the  different 
parts  of  the  syllabus  presented  in  piecemeal  in  the  different  reports.  Meanwhile 
explanation  and  discussion  of  its  plan  as  far  as  revealed  will  be  highly  serviceable  to 
the  committee,  and  it  congratulates  itself  on  having  so  far  attracted  the  attention  of 
the  Association  as  to  have  its  reports  made  a  special  subject  for  consideration  at  this 
meeting.  Preliminary  to  this  discussion  it  may  be  well  to  state  a  few  of  the  general 
considerations  on  which  the  work  of  the  committee  has  been  based. 

(1)  The  arrangement  of  the  topics  to  be  taught  under  each  head  in  a  logical  and 
pedagogical  order  has  been  deemed  of  fundamental  importance.  Unless  the  facts 
and  principles  taught  under  the  general  head  of  agriculture  can  be  reduced  to  a 
pedagogical  system  and  correlation,  it  will  be  difficult  to  maintain  for  agriculture  that 
position  in  our  educational  scheme  to  which  we  believe  it  is  fairly  entitled.  The 
syllabus  of  the  committee  should  therefore  be  judged  primarily  with  reference  to  its 
conformation  to  sound  pedagogical  principles.  The  danger  is  that  too  much  stress 
will  be  laid  on  the  present  and,  as  we  sincerely  hope,  temporary  exigencies  of  par- 
ticular colleges  as  affecting  the  scope  and  order  of  their  course  in  agriculture.  While 
the  committee  desires  to  have  the  outcome  of  its  work  practical  as  well  as  correctly 
theoretical,  it  believes  that  it  is  to  consider  first,  what  is  the  most  perfect  arrangement 
of  an  agricultural  course  from  a  pedagogical  standpoint,  and  afterwards,  how  such  a 
course  may  be  wisely  adapted  to  the  prudential  necessities  of  existing  institutions. 

Again,  we  ask  that  in  the  discussion  of  this  subject  the  order  and  method  of  treat- 
ment followed  in  certain  widely  used  text-books  and  manuals  may  not  be  deemed  so 
firmly  established  as  correct  as  to  preclude  further  inquiry  in  this  direction.  It  is 
natural  and  right  that  we  should  have  reverence  for  the  standard  authorities  of  our 
school  days  and  college  lecture  rooms,  but  it  is  an  easy  step  from  this  to  confound 
creed  with  revelation.    And  at  this  stage  in  the  progress  of  agricultural  education  we 


1  See  also  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Circ.  41.  For  previous  reports  see  U.  S.  Dept. 
Agr.,  Office  of  Experiment  Stations  Buls.  41,  p.  57;  49,  p.  29,  and  65,  p.  79,  and  Circs.  32, 37,  and  39. 
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believe  that  a  most  necessary  thing  is  to  submit  existing  manuals  to  rigid  examina- 
tion with  reference  to  their  pedagogical  merits.  It  may  be  a  difficult  thing  for  some 
of  us  to  appreciate  the  superiority  of  any  revised  version  of  agricultural  scriptures, 
but  unless  we  bring  to  this  discussion  an  open  mind  and  willingness  to  examine  the 
subject  from  different  points  of  view,  it  will  be  of  little  use  to  enter  upon  it. 

(2)  The  committee  has  deemed  it  wisest  to  plan  the  course  in  different  branches  of 
agriculture  without  special  reference  to  the  titles  of  the  teachers  who  might  be  called 
upon  to  teach  the  different  topics  included  therein.  In  our  view  it  makes  little  dif- 
ference whether  some  unfortunate  "professor  of  agriculture"  is  compelled  to  bear  the 
heavy  burden  of  guiding  the  student  through  the  entire  course,  or  whether  numerous 
specialists  give  their  combined  energies  to  the  task.  Thus  different  parts  of  agron- 
omy might  be  taught  by  the  chemist,  physicist,  fertilizer  expert,  botanist,  agrostolo- 
gist,  plant  culturist,  etc.;  or  zootechny  by  the  physiologist,  veterinarian,  expert 
breeder,  dairy  farmer,  sheep  husbandman,  etc. 

Again,  the  amount  of  detail  to  be  taught  under  different  topics  will  naturally  vary 
with  the  previous  training  of  the  pupil  in  scientific  subjects,  and  with  the  provision 
made  in  other  courses  for  instruction  in  subjects  related  to  agriculture.  Thus,  if  the 
student  has  had  or  is  to  have  a  thorough  course  in  geology,  he  will  not  need  to  pay 
much  attention  to  the  topics  included  under  "origin  of  soils"  in  the  course  in  agron- 
omy; or  if  soil  physics  is  a  separate  department  of  instruction,  matters  relating  to 
the  properties,  moisture,  etc. ,  of  soils  need  not  be  much  dwelt  upon  in  the  course  in 
agronomy;  or  the  discussion  of  fertilizers  may  be  largely  turned  over  to  the  course 
in  agricultural  chemistry. 

But  on  the  other  hand,  we  are  inclined  strongly  to  contend  that  in  the  courses  in 
agriculture  a  comprehensive  scheme  of  instruction  should  be  adopted,  and  that  all 
the  topics  should  be  included  which  are  necessary  to  a  clear  understanding  of  the 
proper  relations  of  the  different  parts  of  the  subject,  We  hold  that  there  is  such  a 
thing  as  a  science  of  agriculture,  secondary  and  complex  in  its  nature,  and  deriving 
its  facts  and  principles  very  largely,  if  not  wholly,  from  other  more  primary  sciences, 
but  after  all  to  be  differentiated  as  a  distinct  entity  from  the  other  sciences,  however 
dependent  it  may  be  on  them  for  its  materials.  And  we  urge  that  one  radical  defect 
of  agricultural  instruction  thus  far  has  been  that  so  much  of  the  teaching  of  agricul- 
tural subjects  has  been  done  in  a  disjointed  way  by  experts  in  different  branches  of 
science.  The  student  has  therefore  often  not  had  the  subject  of  agriculture  presented 
to  him  as  a  connected  whole  with  related  parts,  and  has  for  this  reason  failed  to 
appreciate  that  there  was  any  such  thing  as  a  science  of  agriculture,  or  has  not 
learned  to  make  any  useful  application  of  what  he  has  learned  in  various  sciences  to 
either  the  theory  or  the  practice  of  agriculture.  Thus,  we  believe,  for  example,  that 
however  much  the  student  may  have  learned  or  will  learn  about  the  physiology  of 
plants,  or  the  physics  of  soils,  or  the  chemistry  of  fertilizers,  at  some  period  in  his 
agricultural  course  he  should  have  all  these  subjects  grouped  together  in  a  course  in 
agronomy  and  there  learn  their  relation  to  each  other  and  to  the  methods  employed 
in  the  production  of  crops  in  actual  agricultural  practice.  If  the  student  has  had  con- 
siderable previous  training  in  vegetable  physiology,  soil  physics,  and  agricultural 
chemistry,  the  wise  teacher  will  take  advantage  of  this  by  quizzes  or  a  system  of  refer- 
ences, and  rejoice  in  the  opportunity  this  gives  him  to  enter  more  deeply  into 
complex  topics  of  agricultural  science  and  practice  involving  a  combination  of  the 
preliminary  sciences  ;  or  if  a  more  complete  course  in  these  other  sciences  awaits  the 
student,  the  teacher  of  any  branch  of  agriculture  should  confine  himself  to  such  an 
outline  as  will  show  the  necessary  relation  of  these  sciences  to  the  science  and  prac- 
tice of  agriculture,  and  deeply  impress  upon  the  student  the  great  desirability  of 
his  improving  every  opportunity  for  wider  scientific  training  if  he  would  most 
thoroughly  comprehend  the  intricacies  and  subtleties  of  the  science  of  agriculture. 
In  our  view,  the  teaching  of  any  secondary  science  such  as  meteorology,  geography, 
medicine,  or  agriculture,  involves  a  pedagogical  scheme  which  brings  together  into 
a  consistent  whole  whatever  more  or  less  disconnected  facts  and  principles  of  other 
sciences  related  to  the  composite  science  have  already  been  learned  by  the  student, 
and  which  at  the  same  time  leads  the  student  to  desire  to  broaden  and  deepen  his 
acquaintance  with  the  basal  sciences,  however  long  he  may  study  the  composite 
one.  One  of  the  great  pedagogical  advantages,  as  it  seems  to  us,  which  such  a 
science  as  that  of  agriculture  enjoys  is  that  it  necessitates  a  broadly  related  knowl- 
edge of  a  number  of  basal  sciences.  If  generally  and  efficiently  taught  in  our  col- 
leges it  will  do  much  to  counteract  the  pernicious  influences  of  a  narrow  specialism 
which  has  in  recent  years  been  fostered  by  a  false  eclecticism.  This  requires,  how- 
ever, that  agriculture  in  its  scientific  and  practical  aspects  shall  be  treated  as  a  dis- 
tinct entity  and  not  be  hopelessly  dismembered  in  the  scheme  of  college  instruction. 

(3)  While  we  have  held  somewhat  rigidly  to  the  foregoing  pedagogical  considera- 
tions, we  have,  nevertheless,  attempted  to  make  a  scheme  sufficiently  elastic  to 
readily  adapt  itself  to  the  requirements  of  institutions  having  considerable  variations 
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in  tne  grade  of  agricultural  instruction,  and  differing  widely  in  the  number  of  teach- 
ers and  of  courses  in  scientific  and  other  subjects.  For  this  reason  we  have  refrained 
from  making  definite  suggestions  regarding  the  amount  of  time  to  be  given  to  dif- 
ferent topics,  and  have  called  attention  to  the  fact  that  the  number  of  different  kinds 
of  plants  and  animals  which  it  will  be  well  to  consider  in  detail  will  properly  vary 
with  circumstances.  The  kind  of  agriculture  in  the  environment  of  any  institution 
will  naturally  suggest  the  various  limitations  of  this  branch  of  the  agricultural 
course,  but  aside  from  this  such  conditions  as  lack  of  teachers  or  equipment  will 
largely  determine  the  extension  or  restriction  of  these  topics. 


Zootechny.  —  Theory  and  practice  in  the  production  of  animals  useful  to  man. 
Broadly  speaking,  zootechny  would  also  include  the  diseases  of  such  animals,  but  as 
this  is  a  large  subject  in  itself  and  would  most  naturally  be  taught  in  a  separate 
department  under  the  head  of  veterinary  science  (as  is  proposed  in  the  course  in 
agriculture  outlined  by  this  committee,  second  report,  page  2) ,  it  seems  best  to  con- 
fine zootechny  as  a  division  of  technical  agriculture  to  that  which  relates  to  the 
production  of  the  normal  useful  animal. 


SYLLABUS  OF  COURSE  IN  ZOOTECHNY. 


'  Anatomy  (details  to  be  taught  under  veterinary  science) . 
Physiology  (details  to  be  taught  under  general  physi- 
ology) . 


The  animal 


Management 1 .  „  -j  Feeding. 

I  Hygiene. 
L  Systems  of  management. 


Animal  production 


In  agriculture  has  for  its  object  the  securing  and  growing 
of  animals  which,  in  themselves  or  in  their  products, 
are  best  suited  to  the  uses  of  man. 


Mammals 


Herbivora  - 


'  Cattle. 
Sheep. 
Goats. 
Swine. 
Camels. 
Horses. 
Asses. 
Mules. 
Eabbits. 
^  Hares. 


Carnivora  . 


Classification  of  useful  - 
animals. 


(This  is  only  a  partial  classifica- 
tion, and  the  animals  named 
under  each  class  will  vary 
according  to  circumstances.) 


Birds 


'  Fowls. 

Ducks. 

Geese. 
■  Pigeons. 

Turkeys. 

Pheasants. 
^  Ostriches. 


Salmon. 


Fishes 


Insects 


Miscellaneous 


1  Under  the  head  of  animal  production  we  need  most  largely  to  consider  those  topics  which  relate  to 
man's  agency  in  obtaining  the  results  with  animals  desired  'in  practical  agriculture,  and  which  are 
conveniently  grouped  under  the  general  topic — management. 
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1.  Principles  gov- 
erning THE 

CHOICE  AND-; 
BREEDING  OF  AN 
IMALS. 


(Conformation. 
Animal  types  .  <  Animal  mechanism. 

[  Methods  of  scoring. 


Breeding 


Heredity 


Variation . 


Selection 


{Normal  characters. 
AbnormaFcharacters. 
Atavism. 

f  Causes. 
\  Laws. 

r  According  to  merit. 
J  According  to^|  In  breeding. 
1     relations  hip  vCross  breed- 
[     (pedigrees) .  j  ing. 


{Sire  and  dam. 
Maternal  impression. 
Previous  impregnation. 

Fecundity. 
Sex. 


'  Place  of  classification. 
Anatomy. 
Physiology. 
Zoological  relation. 
Domestication. 


2.  Types  and  breeds  of  ~\ 

DIFFERENT     KINDS    OF  V  ClaSS  . 


Varieties  or  breeds 


f  Classification. 
|  Characters, 
-j  Development. 

Distribution. 

Breeders'  organizations. 


3.  Principles  of 

FEEDING. 


Foods  . 


Stock  judging  (practice  in  scoring) . 
Breeding  (relation  of  principles  to  practice) . 
Nature  (as  related  to  the  animal  organism) . 
Refuse. 


Constituents  . 


Edible  por- 
tion. 


Water, 


Nutrients . 


r  Protein. 
Fats. 

Carbohy- 
drates. 

Mineral 
matters 
(ash) . 


Functions. 

Classes   

Composition. 
Digestibility. 

Effects  


f  Coarse  fodders. 

\  Concentrated  feeding  stuffs. 


f  On  condition  of  animal. 
\  On  product, 


Manurial  value. 


Food  requirements  (of  different  animals  for  different  purposes] . 
Feeding  standards. 
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4.  Practice  in  feed- 
ing DIFFERENT 
KINDS  G?  ANIMALS. 


Food  requirements  (feeding  standards) 


Rations 


Systems  of  feeding. 
Effect  of  food  


f  For  maintenance. 

For  growth. 

For  meat  fattening. 

For  wool  and  hair. 

For  milk. 
_  For  work. 

f  Compounding. 
<  Methods  of  use. 
I  Economy. 


On  condition  of  an- 
imal. 
On  product. 


5.  Principles  of  hy- 
giene AND  MANAGE- 
MENT. 


Air  supply. 
Water  supply. 
Exercise. 
Cleanliness. 
Comfort. 

Protection;  e. 
escape. 


asfainst  heat.  cold,  accident, 


Modification  of  bodv 


o    j.         p  f  For  single  animals. 
Systems  of  |  For  g£upg  Qf  ^ 


manage- 
ment. 


mals  (herds,  flocks, 
etc.). 


Practice  in  the  man- 
agement of  different 
kinds  of  animals. 


Hygiene. 


Dehorning. 

Docking, 
-j  Shearing. 

Castration. 
[  Spaying. 


f  Under   different  condi- 
tions; e.  g.,  in  freedom, 
j     in  inclosures,    or  in 
[  buildings. 


f  Air  supply. 
|  Water  supply. 
J  Exercise. 
'  Cleanliness. 

Protection. 

Modification  of  bodv 


f  For  single  animals. 
\  For  groups  of  animals 


Systems  of  management  

Care  of  product. 
Extent  of  production. 
[  Marketing. 

After  considerable  discussion,  the  committee  decided  upon  the  above  order  of  topics 
as  being  probably  the  one  most  practical  for  adoption  in  American  agricultural  col- 
leges. There  are,  however,  some  important  considerations  which  may  be  urged  in 
favor  of  teaching  the  principles  of  the  different  branches  of  zootechny  together  before 
taking  up  the  application  of  any  of  them  to  different  kinds  of  animals.  In  case  that 
seemed  best,  the  general  topics  in  this  syllabus  might  be  rearranged  in  the  following 
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order:  1,  3,  5,  2,  4,  6.  The  fundamental  difference  between  the  two  schedules  is  indi- 
cated in  the  following  summary: 


Syllabus  1. 

1.  Principles  governing  the  choice 

and  breeding  of  animals. 

2.  Types  and  breeds  of  different 

kinds  of  animals. 

3.  Principles  of  feeding. 

4.  Practice  of  feeding  different 

kinds  of  animals. 

5.  Principles  of  hygiene  and  man- 

agement. 

6.  Practice  in  the  management  of 

different  kinds  of  animals. 


Syllabus  2. 


Principles. 


f  Animal  types. 
|  Breeding. 
]  Feeding. 

Hygiene. 

Systems  of  mi 
agement. 


Application  of  principles  to  different  kinds  of 
animals;  e.  g. : 


'Stock  judging. 
Breeding. 
Feeding. 
Hygiene. 
Systems  of  man- 
agement. 


Horses. 


J.  H.  Connell, 
A.  G.  True, 
T.  F.  Hunt, 
H.  T.  French, 
H.  H.  Wing, 

Committee. 

H.  P.  Armsby.  I  suppose  I  am  somewhat  responsible  for  the  action  of  the  last  con- 
vention in  placing  this  subject  on  the  general  programme,  and  it  may  be  expected  that 
I  should  say  a  word.  At  that  convention  I  labored  under  the  embarrassment  of  not 
having  before  me  the  printed  report  of  the  committee,  and  of  being  obliged  to  base 
what  I  said  upon  the  previous  year's  report.  I  find  myself  now,  in  the  light  of  the 
committee's  subsequent  report,  not  quite  clear  that  I  fully  comprehend  thei  stand- 
point in  certain  respects.  There  is  one  question  in  particular  which  seems  to  me  a 
somewhat  fundamental  one  in  the  consideration  of  this  question.  Taking  the 
broadest  view  of  the  subject  of  agriculture,  we  may  divide  it  into  a  study  of  the  scien- 
tific principles,  the  natural  laws,  underlying  agriculture,  and  a  study  of  their  applica- 
tion in  practice;  or,  taking  the  definition  of  the  committee  in  the  third  report,  the 
theory  and  practice  of  the  production  of  farm  products.  Now,  the  theory,  as  I 
understand  it,  would  include  among  other  things  the  subject  of  agricultural  chem- 
istry, so  far  as  that  relates  to  the  soil  and  the  atmosphere  as  sources  of  food  for  the 
plant;  yet  the  committee  appeared  in  their  second  report  to  set  off  this  subject  to 
one  side  as  not  belonging  to  the  subject  of  agronomy,  while  in  their  third  report  I 
find  included  under  agronomy  certain  topics  which  might  be  construed  as  belonging 
to  the  subject  of  agricultural  chemistry.  Now,  as  I  said  before,  after  some  consulta- 
tion and  study  I  have  not  been  able  to  clear  up  in  my  own  mind  the  standpoint  of 
the  committee  on  this  matter;  whether  they  take  the  broad  definition  of  agriculture 
as  including  sciences  like  chemistry  and  botany,  which  deal  with  principles  and  also 
their  practical  application,  or  whether  they  consider  agronomy,  for  instance,  as  cover- 
ing primarily  the  application  of  these  principles,  with  only  such  review  or  recapitu- 
lation of  the  principles  as  may  be  necessary  to  coordinate  and  correlate  the  whole 
work  of  the  course.  Now,  it  seems  to  me  personally  that  the  more  desirable  thing 
to  do  in  making  up  a  course  in  technical  agriculture  is  to  take  this  broader  view.  I 
do  not  see  how  we  can  get  away  from  the  relation  of  the  teaching  of  fundamental 
sciences  to  their  practice.  It  seems  to  me  that  wTe  must  include  in  the  general  term 
"agriculture"  such  subjects  as  agricultural  chemistry  and  agricultural  botany  and 
physiology,  and  that  if  that  broad  definition  is  to  be  taken  the  syllabus  of  a  course 
of  agriculture  should  perhaps  include  rather  more  than  the  committee  has  included. 
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If  agriculture  is  to  be  denned  as  the  application  of  these  things,  with  only  inci- 
dentally a  review  of  these  principles,  I  find  difficulty  in  judging  in  my  own  mind  of 
the  relative  amount  of  time  and  force  which  the  committee  propose  should  be  given 
to  these.  I  would  not  be  understood  as  criticising  the  report  in  this  particular,  but 
raise  the  point  because  it  seems  to  me  important  to  get  before  our  new  the  scope  of 
the  work  which  the  committee,  has  undertaken. 

The  report  was  also  discussed  by  H.  E.  Stockbridge,  W.  Frear,  W,  J.  Spillman, 
and  C.  D.Woods.  In  this  discussion  some  of  the  difficulties  in  separating  instruction 
in  technical  agriculture  from  that  in  agricultural  chemistry,  economic  botany,  soil 
physics,  and  other  related  sciences  were  pointed  out. 

A.  C.  True.  I  would  like,  if  the  convention  will  bear  with  me  a  moment,  to  say  a 
word  along  the  line  of  the  general  criticism  made  on  the  course  in  agriculture  as  out- 
lined by  the  committee. .  I  realize  the  fact  that  it  is  a  difficult  thing  to  make  a  per- 
fectly clear-cut  definition  in  this  matter,  and  I  think  this  difficulty  is  increased  by 
the  fact,  already  hinted  at  here,  that  so  much  of  what  we  teach  under  the  head  of 
agriculture  has  come  from  the  work  of  the  chemist,  particularly  the  agricultural 
chemist.  To  a  certain  extent  the  agricultural  chemist  has  naturally  come  to  con- 
sider that  what  he  has  to  teach  in  the  way  of  principles  is  about  all  there  is  in  agri- 
culture, and  as  matters  are  tending  in  our  institutions,  Avith  the  limited  number  of 
teachers  employed,  it  often  happens  that  the  agricultural  chemist  not  only  takes  in 
things  belonging  to  chemistry  but  also  to  botany,  and  more  especially  in  these  later 
days  to  soils  and  physics. 

Now  that  leads,  I  think,  to  some  confusion  in  the  minds  of  those  who  have  not 
considered  the  subject  closely.  Our  idea  is  substantially  this:  That  the  agricultural 
chemist  will  naturally  and  necessarily  proceed  to  the  discussion  and  treatment  of  his 
subject  from  the  standpoint  of  the  chemist,  and  that  he  will  naturally  need  a  special 
place  in  the  scheme  of  instruction  in  order  that  he  may  elaborate  agricultural  chem- 
istry as  such.  That  necessarily  includes  not  only  the  teaching  of  the  principles  of 
chemistry  but  also  their  application.  Of  course  in  going  over  that  matter  in  any 
course  in  agricultural  chemistry  he  will  deal  necessarily  with  the  same  subjects  which 
-would  be  included  in  a  course  in  agriculture,  but  he  will  treat  of  them,  as  I  have 
already  said,  from  the  standpoint  of  the  chemist.  Now  that  is  a  different  thing,  it 
seems  to  me,  from  what  is  proposed  in  this  course  in  agriculture  which  the  committee 
has  outlined.  Our  idea  is  that  under  any  one  of  these  subjects  the  matter  shall  be 
approached  from  the  standpoint  of  the  production  of  plants  or  animals,  and  that  the 
different  subjects,  whether  they  relate  primarily  to  botany  or  physics  or  chemistry, 
shall  be  correlated  in  the  scheme.  As  to  the  exact  amount  of  time  which  shall  be 
taken,  and  the  exact  method  of  treatment,  I  think  that  will  depend  a  good  deal  upon 
the  previous  training  of  the  student  and  the  order  in  which  the  subjects  are  taught 
in  the  course.  Personally  I  think  it  would  be  an  ideal  scheme  if  this  matter  of  the 
teaching  of  agriculture  could  be  postponed  until  comparatively  late  in  the  course,  so 
thaf  the  other  sciences  might  be  more  completely  taught  before  the  student  came  to 
this  complex  study  of  agriculture.  But  it  seems  to  me  that  it  is  fundamental  to  this 
whole  matter  that  these  different  subjects,  grouped  as  the  committee  has  attempted 
to  group  them,  should  be  taught  in  their  relation  to  each  other,  so  that  we  should 
not  have  the  teaching  of  agricultural  chemistry,  the  teaching  of  agricultural  botany, 
the  teaching  of  agricultural  soils,  and  the  teaching  of  agricultural  physics  simply  as 
disconnected  subjects.  We  should  have  these,  but  at  some  point  in  the  course  there 
should  be  the  bringing  together  of  the  principles  of  the  different  sciences  as  related 
to  plant  and  animal  production,  and  upon  the  basis  of  that  general  correlation  of 
principles  there  should  be  instruction  which  will  clearly  show  the  application  of 
those  principles  to  agriculture  in  a  broad  and  comprehensive  way. 

The  report  was  accepted  as  a  report  of  progress  and  the  committee  continued. 
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The  following  resolution  was  introduced  and  adopted: 

Resolved,  That  the  absence  of  Dr.  E.  W.  Hilgard,  of  California,  is  a  subject  of  deep 
regret,  and  that  the  secretary  convey  to  him  our  sympathy  in  his  illness,  and  prayer 
for  his  restoration  to  good  health. 

Evening  Session,  Thursday,  July  6,  1899. 

The  Chairman  called  for  the  report  of  the  chairman  of  the  committee  on  ento- 
mology. 

C.  W.  Woodworth,  chairman  of  the  section,  presented  the  following  report  from 
that  section: 

Report  of  the  Section  on  Entomology. 

I  am  reminded,  when  reporting  for  the  Section  on  Entomology,  that  I  am  represent- 
ing a  more  or  less  hypothetical  body,  one  whose  existence  has  not  been  marked  by 
the  ordinary  signs  of  life,  such  as  have  been  shown  by  the  other  sections.  This  is 
not  by  any  means  due  to  a  lack  of  importance  in  the  subject  nor  to  lack  of  activity 
or  aggressiveness  on  the  part  of  the  entomologists,  but  comes  from  the  greater  attrac- 
tion of  the  Association  of  Economic  Entomologists.  Entomology  has  come  to  stand 
in  a  very  important  position  in  agricultural  colleges  and  experiment  stations,  every 
State  having  some  provision  for  teaching  the  subject  or  for  the  investigation  of  injuri- 
ous insects.  There  are  upward  of  half  a  dozen  official  entomologists  in  New  York 
and  Illinois,  four  in  Ohio,  and  two  in  many  States. 

Entomology  to-day  is  not  what  it  was  a  generation  ago  nor  ten  years  ago.  There 
has  been  a  very  notable  change  in  the  point  of  view  and  a  broadening  of  the  subject- 
matter  which  greatly  increases  its  importance  and  efficiency.  Originally  the  ento- 
mologist was  a  collector  and  classifier  of  insects.  Later  he  became  an  enthusiastic 
biologist,  and  his  chief  work  became  a  study  of  the  life  histories  of  insects.  Now 
there  is  evidence  of  a  broadening  by  giving  more  attention  to  ecology,  the  study  of 
the  influence  of  environment  on  the  one  hand  and  on  the  other  the  study  of  the  plant 
and  its  physiology  and  pathology.  If  the  present  tendency  continues,  economic  ento- 
mology will  soon  cease  to  be  reckoned  as  a  department  of  zoology,  and  will  take  its 
legitimate  place  as  a  division  of  vegetable  pathology  under  the  general  subject 
agronomy. 

The  question  of  the  hour  in  entomology  in  the  United  States  is  still  the  San  Jose 
scale.  The  past  year  has  seen  numerous  changes  in  the  situation.  The  great  feeling 
of  concern  is  distinctly  abating,  but  bore  fruit  in  a  number  of  States  in  laws  which 
will  have  great  value  with  the  future  of  fruit  growing  in  those  sections.  I  refer  to 
the  nursery  inspection.  California  is  the  pioneer  in  this  work,  and  many  years  ago 
inaugurated  an  elaborate  inspection  system,  to  which  in  no  small  measure  is  due  the 
magnificent  condition  of  the  orchards  which  I  hope  you  will  all  see  before  you  return 
to  your  homes.  In  some  respects  the  Eastern  States,  profiting  by  our  experience, 
have  improved  on  the  California  inspection  system,  most  notably  in  providing  for 
thoroughly  competent  inspectors  and  in  having  it  all  controlled  under  one  head. 

The  connection  of  the  inspection  system  of  the  various  States  with  the  experiment 
stations  will  also  undoubtedly  result  in  a  study  from  a  scientific  standpoint  of  the 
problems  and  difficulties  of  inspection,  and  bring  about  much  real  progress.  Without 
this  the  results,  while  of  great  value,  would  be,  as  they  are  in  California,  practically 
stationary,  for  it  is  probable  that  as  good  inspection  was  done  here  fifteen  years  ago 
as  is  done  at  the  present  time. 

In  the  matter  of  instruction  in  entomology  the  present  situation  is,  I  think,  evidence 
of  the  same  tendency  to  broaden  and  magnify  the  importance  of  the  subject.  All  the 
agricultural  colleges  in  the  United  States,  excepting  those  in  Wyoming  and  Arizona 
and  the  colleges  for  the  negroes  in  the  South,  now  off er  distinct  courses  in  entomology. 
The  introduction  of  the  subject  into  the  curricula  of  many  colleges  is  a  recent  devel- 
opment. In  the  majority  of  cases  entomology  is  taught  by  an  instructor,  who  also 
teaches  other  branches,  often  devoting  most  of  his  time  to  these  other  subjects. 
Thus  in  nearly  half  the  States  the  professor  of  zoology  is  called  upon  to  devote  special 
attention  to  insects,  but  the  course  is  usually  at  least  nominally  economic.  Not 
uncommonly  it  is  the  professor  of  botany  that  takes  up  entomology,  and  still  oftener 
the  professor  of  horticulture.  It  is  this  grouping  particularly  that  indicates  what  I 
conceive  to  be  the  tendency  of  economic  entomology  toward  a  new  point  of  view. 
Indeed,  I  think  the  time  has  now  come  when  a  knowledge  of  insects  is  only  one,  and 
by  no  means  the  major,  requirement  of  the  economic  entomologist. 
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The  position  of  entomology  in  the  curricula  of  the  different  institutions  varies  as  do 
the  institutions  themselves.  Roughly  speaking,  they  maybe  grouped  into  the  smaller 
colleges,  with  prescribed  courses  of  study,  and  larger  universities,  in  which  a  consid- 
erable degree  of  freedom  in  this  matter  is  enjoyed  by  the  students.  In  the  former 
case  a  practical  course  in  economic  entomology  is  laici  down,  generally  consisting  of 
both  lectures  and  laboratory  work,  which  covers  a  term,  a  semester,  or  a  year,  and  if 
the  instructor  is  an  entomologist  there  is  also  usually  opportunity  for  the  student  to 
continue  his  work  under  the  very  favorable  condition  of  close  personal  supervision 
by  his  teacher. 

In  the  universities,  on  the  other  hand,  where  the  courses  are  very  largely  elective, 
entomology  may  not  be  prescribed  in  any  department.  It  is  of  itself,  however,  so 
attractive  to  students  that  in  a  number  of  the  larger  institutions  there  is  now  provi- 
sion for  two,  three,  or  four  years  of  consecutive  work.  There  are,  for  instance,  in  addi- 
tion to  the  laboratory  work,  over  200  lectures  given  in  entomology  in  California, 
upward  of  a  hundred  in  Illinois,  and  well  toward  this  mark  in  Cornell  and  Nebraska. 
This  expansion  has  not  been  made  to  meet  the  requirements  of  agricultural  students. 
We  all  know  how  few  bona  fide  agricultural  students  there  are  in  the  United  States. 
Most  of  the  agricultural  students  naturally  take  some  of  the  entomological  courses, 
but  as  few  specialize  in  that  line  as  do  zoologists.  The  great  mass  of  the  students 
are  those  intending  to  be  teachers  in  our  public  schools.  They  choose  entomology 
because  they  realize  its  availability  for  nature  study.  It  is  for  these  that  most  of  the 
work  in  entomology  in  the  universities  is  planned. 

It  is,  then,  very  natural  for  the  agriculturist  to  ask,  Are  these  courses  those  best 
adapted  to  prepare  the  economic  entomologist  of  our  agricultural  schools  and  experi- 
ment stations?  To  this  inquiry  I  think  we  can  reply  in  the  affirmative.  If  the  broader 
view  of  the  nature  study  of  to-day,  in  which  we  are  not  content  with  the  mere  inves- 
tigation of  the  component  parts  of  nature,  but  must  know  the  relation  of  each  to  the 
rest;  if  this  is  an  advance,  it  is  an  advance  along  exactly  the  lines  that  mark  what 
appears  to  me  to  be  the  best  work  and  thought  of  the  economic  entomologist  of  to-day. 

C.  W.  Woodworth.,  Chairman. 

The  Chairman  called  for  papers  from  the  Section  on  Horticulture  and  Botany. 

L.  H.  Pammel,  chairman  of  the  section,  stated  that  there  were  two  papers  to  be 
presented,  those  of  Messrs.  Wickson  and  Pieters  (see  p.  55) .  / 

E.  J.  Wickson,  of  California,  read  the  following  paper: 

Climatology  and  Horticulture. 

Climatology  has  been  studied  in  its  relation  to  hygiene,  and  the  knowledge  gained 
enables  physicians  to  make  definite  prescriptions  of  sunlight,  temperature,  atmos- 
pheric humidity,  etc.,  for  the  promotion  of  health.  Climatology  has  been  studied 
by  the  botanists  as  a  factor  in  the  natural  distribution  of  plants,  and  here,  too,  def- 
inite and  satisfactory  results  have  been  attained.  Climatology,  however,  as  related 
to  agriculture  and  horticulture,  constitutes  a  field  of  research  of  great  import  and 
interest,  especially  in  the  relation  of  obscure  or  less  obvious  climatic  conditions  to 
plant  growth  and  development  along  industrial  lines  of  culture.  This  field  has 
hardly  been  located  yet;  it  certainly  has  not  been  definitely  described. 

Perhaps  all  of  the  factors-  which  determine  climatology  are  capable  of  some  horti- 
cultural measure  and  estimation  which  have  not  yet  been  made.  Certainly  the 
chief  factors  have  been  studied  only  in  outline.  Who  knows  the  precise  horticul- 
tural value  of  temperature,  moisture,  light,  wind  power?  We  all  know  when  our 
plants  are  frozen  or  burned,  drowned  or  desiccated,  broken  to  pieces  or  blown  away, 
and  horticultural  practice  has  formula?  and  safeguards  to  prevent  or  escape  these 
disasters;  but  what  has  been  done  of  late  to  perfect  the  pioneer  work  of  Gasparin, 
Humboldt,  and  Boussingault  ?  It  is  true  that  later  European  writers  on  the  grape 
and  other  fruits  have  undertaken  to  determine  the  limitations  of  varieties  according 
to  meteorological  extremes,  and  have  made  other  closer  uses  of  meteorological  rec- 
ords in  the  definition  of  local  relations  of  conditions  to  character  and  quality,  but 
there  is  still  much  to  be  ascertained,  and  American  investigators  have  done  little  in 
any  branch  of  the  subject. 

It  is  also  true,  as  intimated,  that  the  botanists  have  been  developing  the  subject 
well  along  their  own  lines,  and  they  have  an  extensive  literature  describing  their 
researches  and  experiments  in  plant  physiology  and  chemistry.  Much  of  the  work 
disclosing  the  influences  of  climatic  conditions  upon  the  modification  of  form  and 
inflorescence  and  in  the  development  of  color  and  fragrance  will  yield  valuable  anal- 
ogies and  be  very  suggestive  experimentally ;  but  have  horticulturists  done  anything 
to  borrow  light  from  the  botanists  or  to  strike  light  for  themselves? 
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We  do  not  appear  to  get  much  comfort  or  encouragement  from  the  meteorological 
side,  for  in  the  Monthly  Weather  Review  for  February,  1899,  is  the  following: 

"It  is  commonly  said  that  the  climate  is  the  average  weather  of  a  century  or  some 
long  period  of  time;  that  the  climate  represents  normal  or  average  conditions,  while 
the  weather  is  the  temporary  condition  prevailing  at  any  moment.  Statistics  have 
been  compiled  to  show  some  of  the  relations  between  the  average  crops  and  the 
average  climate.  The  present  editor  has  undertaken  extensive  work  in  this  line, 
but  summed  it  all  up  by  saying  that  for  crops  raised  out  of  doors  the  relation  is  too 
complex  to  present  any  results  of  positive  value  to  either  the  farmer  or  the  biologist. 
The  fact  is  that  the  innumerable  combinations  between  the  varying  conditions  of 
weather,  soil,  and  plant  will,  at  any  stage  of  growth,  affect  the  plant  and  crop  to  an 
important  extent,  It  is  the  weather  and  not  the  climate  that  is  of  importance  to  the 
farmer.  The  weather  is  everything;  the  climate  is  an  abstract  idea  that  has  very 
little  interest  for  him. 

"The  success  in  raising  profitable  crops  in  any  part  of  the  country  must  depend 
upon  the  frequency  with  which  injurious  weather  conditions  recur.  A  favorable 
locality  is  not  one  whose  average  climate  is  favorable,  but  one  in  which  the  extreme 
severities  of  the  weather  do  not  recur  too  often." 

This  is  unquestionably  true.  The  old  idea  of  average  temperatures  as  indications 
of  adaptation  to  cultures  was  a  delusion  and  a  snare,  but  the  declaration  of  the 
Weather  Bureau  seems  to  intimate  that  its  experts  wish  to  affirm  the  conception  of 
the  relations  of  climate  to  horticulture,  previously  cited;  that  it  is  only  when  heat 
waves  and  light  waves  and  wind  waves  rise  to  the  pitch  of  calamity  that  the  horti- 
culturist has  any  concern  with  them;  that  it  is  only  when  the  deadly  extreme 
intrudes  that  the  grower  of  fruits  or  esculents  or  flowers  has  anything  to  do  with 
the  aerial  half  of  his  environment, 

There  is  something  far  more  interesting  and  satisfying  to  be  learned  of  the  intimate 
relations  of  climatic  factors  to  our  plants  in  growth  and  fruiting  than  this  view  would 
concede.  In  a  semitropical  climate  at  least,  and  in  dealing  with  plants  of  low  polar 
limits,  the  horticultural  character  of  a  place  depends  upon  an  extreme  low  tempera- 
ture which  is  perhaps  but  a  very  slight  departure  from  the  normal,  but  is  enough  to 
work  sad  havoc,  as  it  comes  in  the  growing  season  of  the  plant  affected.  Perhaps  on 
this  ground  the  advice  that  we  need  studies  of  weather,  rather  than  of  climate,  might 
be  admitted,  and  certainly  the  Weather  Bureau  is  doing  very  valuable  service  to  Cali- 
fornia in  its  warnings  and  admonitions  to  various  groups  of  producers,  but  there  are 
other  less  obvious  factors  entering  into  the  horticultural  fitness  of  a  place  which  are 
not  extremes  but  are  its  normal  characters,  which  we  are  told  is  what  is  meant  by 
the  term  climate.  European  observers  have,  as  stated,  determined  with  more  or  less 
accuracy  the  needs  of  certain  plants  for  vegetation  and  for  other  advanced  acts — 
blooming,  fruiting,  etc.  They  have  suggested  the  requirements  of  heat,  light,  and 
atmospheric  humidity;  but  their  conclusions  have  not  been  systematically  tested  in 
this  country,  nor  have  our  own  peculiar  conditions  been  definitely  demonstrated  and 
their  influences  determined.  In  this  direction  physics,  chemistry,  and  meteorology 
involved  in  climatology  should  be  invoked  by  those  competent  to  appreciate  the 
horticultural  import  of  such  investigations  and  to  regard  the  results  from  a  horticul- 
tural point  of  view. 

These  matters  seem  perhaps  of  special  interest  to  California,  because  it  is  not  the 
calamity  phase  of  the  weather  which  is  everything  to  us.  We  have  quite  enough  of 
that,  but  it  comes  in  such  degrees  that  there  is  promise  of  success  in  fending  it  suc- 
cessfully. It  is  other  matters  not  associated  with  freezing  or  burning  or  blowing 
away  which  are  determining  the  success  or  failure  of  fruits  in  different  locations. 
They  are  many;  only  a  few  can  be  cited  here. 

What  are  the  exact  climatic  features  which  determine  the  presence  and  degree  of 
destructiveness  of  insects  and  plant  diseases  in  various  localities? 

Upon  what  local  conditions  depends  the  development  of  color  in  some  fruits  to 
such  an  extent  that  varieties  are  chosen  or  rejected  upon  this  basis? 

Upon  what  local  conditions  do  flavors  depend  to  such  a  degree  that  the  same 
variety  may  be  flat  in  one  region  and  delicious  in  another,  while  the  tree  exhibits 
similar  thrift  and  productiveness  in  both  situations? 

What  are  the  exact  relations  of  heat  and  atmospheric  humidity  to  open-air  evap- 
oration of  drying  fruits  and  to  the  market  character  of  the  product? 

What  are  the  meteorological  features  of  the  growing  season  in  humid  and  arid  dis- 
tricts, and  are  they  modified  by  irrigation  in  either  case? 

There  are  many  other  questions  which  are  continually  arising  in  horticultural 
practice,  and  some  perhaps  are  of  greater  moment  than  the  foregoing.  The  fact  that 
such  things  actually  shape  or  limit  horticultural  practice  and  investment  would  seem 
to  indicate  that,  inasmuch  as  they  can  not  all  be  classed  as  weather  phenomena,  they 
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must  be  involved  in  climatology  and  thus  constitute  the  climate  something  more  than 
an  abstract  idea  to  the  horticulturist. 

But  can  these  obscure  matters  be  given  horticultural  measurement?  Prof.  Milton 
Whitney,  of  the  United  States  Department  of  Agriculture,  gives  some  hope  of  arriv- 
ing at  formula?  upon  which  to  have  expectation  of  results.  In  Science  for  January 
28,  1898,  he  has  a  letter  on  climatology  as  distinguished  from  meteorology,  maintain- 
ing not  only  that  the  two  are  distinct,  but  that  "climatology  is  the  relation  between 
meteorological  elements  as  measured  by  the  development  of  the  plant."  That  gives 
some  hope  and  encouragement.  Xow,  what  we  need  is  some  suggestion  of  systematic 
experimentation  to  determine "  factors  in  that  relation  and  their  functions  so  that, 
knowing  what  agency,  or  what  measures  of  that  agency,  accomplish  certain  results, 
we  can  better  understand  the  causes  of  phenomena  which  it  is  very  desirable  to  pro- 
duce or  to  avoid,  as  the  case  may  be. 

C.  S.  Murkland,  for  the  Section  on  Mechanic  Arts,  submitted  a  proposition  to  pub- 
lish abstracts  of  all  the  papers  of  that  section. 

H.  H.  Goodell  called  attention  to  the  fact  that  the  adoption  of  the  suggestion  of  the 
Section  on  Mechanic  Arts  would  necessitate  a  change  in  the  by-laws  of  the  Associa- 
tion. One  of  these  directs  that  the  chairman  of  the  section  shall  first  of  all  examine 
the  papers  that  have  been  read  before  the  section,  mark  those  that  he  considers 
worthy  of  publication,  and  refer  them  back  to  the  Office  of  Experiment  Stations  at 
Washington  and  the  chairman  of  the  executive  committee.  He  believed  that  a  strict 
compliance  with  the  requirements  of  this  by-law  by  the  chairman  of  the  sections 
would  result  in  the  publication  of  all  papers  that  are  worthy  of  publication. 

A.  C.  True  spoke  of  the  difficulty  of  keeping  the  proceedings  within  the  100-page 
limit  required  for  public  documents  printed  in  editions  of  more  than  1,000  copies,  and 
at  the  same  time  do  justice  to  the  papers  and  discussions.  As  a  result  the  editors 
of  the  proceedings  had  in  case  of  the  account  of  the  last  convention  decided  to  exceed 
the  100-page  limit  and  reduce  the  edition  to  1,000  copies,  with  the  understanding 
that  another  edition  would  be  published  later  if  required.  If  this  plan  were  followed 
hereafter  there  would  be  little  difficulty  in  securing  the  publication  of  all  papers,  in 
full  or  in  condensed  form,  which  the  Association,  through  its  representatives,  should 
deem  worthy  of  publication.  "Of  course  if  the  Secretary  of  Agriculture  is  to  publish 
the  proceedings  he  must  necessarily  be  the  final  judge  as  to  how  much  shall  be  pub- 
lished, and  some  standard  of  criticism  must  be  set  up  with  reference  to  the  matter 
presented  for  publication.  I  think  there  has  been  no  disposition  to  restrict  the  amount 
of  matter  which  this  Association  may  reasonably  expect  to  publish. ' ' 

F.  P.  Anderson,  of  Kentucky,  stated  it  to  be  "the  sense  of  the  Section  on  Mechanic 
Arts  to  endeavor  to  publish  all  papers  presented  before  that  section  in  full." 

C.  E.  Thorne,  of  Ohio,  believed  "  that  not  only  the  Section  on  Mechanic  Arts,  but 
other  sections  as  well,  feel  the  need  of  wider  publication  than  is  possible  under  the 
present  regulations. ' '  He  suggested  ' '  that  a  committee  be  appointed  by  the  Chair  to 
consider  whether  it  be  practicable  to  devise  some  method  of  publication,  either  in 
cooperation  with  the  Department  of  Agriculture  or  by  assessing  a  special  tax  upon 
the  Association  for  that  purpose,  to  favor  the  full  publication  of  the  proceedings  of  the 
various  sections  of  this  Association. ' ' 

C.  D.  Woods,  of  Maine,  moved  that  the  matter  be  referred  to  the  executive  com- 
mittee. 

J.  K.  Patterson,  of  Kentuckey,  urged  that  more  of  the  papers  of  the  Section  on 
Mechanic  Arts  should  be  published,  some  in  full,  others  in  abstract. 

S.  M.  Emery,  of  Montana,  suggested  that  papers  for  publication  be  limited  to  two 
from  each  section,  to  be  discussed  in  full  before  the  whole  Association. 

After  some  further  discussion  the  matter  was  referred  to  the  executive  committee 
with  instructions  "to  confer  with  the  Secretary  of  Agriculture  with  reference  to  the 
publication  of  the  papers  presented  before  the  several  sections  of  the  Association." 

W.  A.  Withers,  of  North  Carolina,  submitted  the  report  of  the  committee  appointed 
to  attend  the  Pure  Food  Congress.  This  report  indicated  that  the  outlook  for  pure 
food  legislation  in  the  near  future  is  hopeful. 
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The  report  was  accepted,  and  the  committee,  which  consists  of  W.  A.  Withers,  W. 
Frear,  H.  J.  Patterson,  H.  J.  Wheeler,  and  A.  T.  Neale,  was  continued. 

M.  H.  Buckham  offered  some  resolutions  relative  to  the  public  documents  of  which 
the  colleges  are  made  depositories.  These  were  referred  to  the  executive  committee. 
(See  p.  55) . 

W.  M.  Beardshear,  of  Iowa,  offered  the  following  resolution: 

Resolved,  That  the  executive  committee  of  this  Association  be  instructed  to  make 
earnest  effort  to  secure  a  place  upon  the  programme  of  the  National  Educational  Asso- 
ciation of  1900  for  the  presentation  of  the  scope  and  mission  of  the  land-grant  colleges 
in  our  American  system  of  education. 

The  resolution  was  referred  to  the  executive  committee,  which  subsequently  recom- 
mended its  adoption.    This  was  done. 

A.  G.  McAdie,  the  observer  of  the  U.  S.  Weather  Bureau,  stationed  at  San  Francisco, 
gave  an  address,  illustrated  with  stereopticon  views,  on  the  climate  of  California. 

Morning  Session,  Friday,  July  7,  1899. 

The  session  was  called  to  order  by  President  Armsby. 

H.  H.  Goodell.  I  am  asked  to  report  the  nominations  of  officers  of  the  Section  on 
Horticulture  and  Botany.  They  are  as  follows:  Chairman,  S.  A.  Beach,  of  New  York; 
secretary,  P.  H.  Rolfs,  of  Florida.  The  Section  on  College  Work  nominate  J.  K. 
Patterson,  of  Kentucky,  chairman,  and  A.  W.  Harris,  of  Maine,  secretary.  The 
Section  on  Entomology  report  as  their  selection  of  officers  for  the  ensuing  year  the 
following:  H.  Garman,  of  Kentucky,  chairman;  W.  G.  Johnson,  of  Maryland,  secre- 
tary. The  Section  on  Agriculture  and  Chemistry  report  the  following  names:  L.  G. 
Carpenter,  of  Colorado,  chairman;  C.  D.  Woods,  of  Maine,  secretary.  The  Section 
on' Mechanic  Arts  present  the  following  names  as  their  choice:  Charles  S.  Murkland, 
chairman;  F.  Paul  Anderson,  secretary. 

The  nominations  were  confirmed. 

E.  H.  Jenkins,  of  Connecticut,  on  behalf  of  the  board  of  control  of  the  Connecticut 
Agricultural  Experiment  Station,  extended  a  cordial  invitation  to  the  Association  to 
hold  its  meeting  in  1900  at  Middletown  or  New  Haven,  Conn.,  this  being  the  twenty- 
fifth  anniversary  of  the  establishment  of  the  experiment  station  in  Connecticut. 

The  invitation  was  seconded  by  A.  C.  True  and  C.  D.  Woods,  who  read  letters  of 
invitation  from  W.  O.  Atwater  and  the  faculty  of  Wesleyan  University. 

Similar  invitations  were  received  from  H.  E.  Stockbridge  on  behalf  of  Florida,  from 
the  Saratoga  Convention  Bureau,  and  from  the  city  of  Niagara  Falls. 

The  matter  was  referred  to  the  executive  committee. 

W.  M.  Liggett,  of  Minnesota,  presented  the  following  paper  from  the  Section  on 
College  Work: 

Agricultural  Education — Practical  and  Scientific 

The  far-reaching  influence  of  the  Morrill  and  Hatch  acts,  appropriating  funds  from 
the  national  resources  to  aid  rural  industries,  has  only  recently  begun  to  dawn  upon 
our  nation.  The  third  of  a  century  which  was  required  to  break  awTay  from  the  old 
established  lines  of  education,  leading  students  toward  the  learned  professions,  has 
witnessed  a  most  important  struggle.  There  is  much  more  study  devoted  to  training 
for  the  professions  than  formerly,  and  more  demand  for  professional  services;  and  the 
educational  revolution  has  placed  the  industries  and  practical  affairs  of  life  on  a  plane 
with  the  professions  in  our  colleges.  And  then  began  the  struggle  for  recognition  in  our 
secondary  and  primary  schools. 

When  the  question  was  asked,  ten  years  ago,  "How  are  we  to  educate  our  Minne- 
sota farmers?"  it  could  not  be  answered.  We  then  had  hopes  that  a  new  and  untried 
plan  might  succeed.  Now  we  have  for  several  years  been  reaping  the  fruits  of  our 
agricultural  school,  of  which  Minnesota  is  justly  proud.  We  have  solved  some  impor- 
tant problems  in  the  pedagogics  of  agriculture  of  our  State.  We  have  secured  a  corps 
of  instructors  who  have  prepared  a  course  of  study  and  have  gathered  equipment  for 
illustrative  purposes. 
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Our  agricultural  work  is  being  clearly  divided  into  two  classes.  The  principal  work 
is  teaching  large  numbers  of  young  men  and  young  women  how  to  be  better  farmers 
and  farm  home-makers  and  intelligent  citizens  in  a  country  of  high  civilization.  The 
second  part  of  the  work,  that  of  educating  agricultural  scientists,  is  necessary  that  we 
may  succeed  in  the  first  and  that  we  may  have  a  scienceof  agriculture  which  shall  be 
disseminated  by  all  available  means  to  the  farmers  who  can  not  attend  an  agricultu- 
ral school. 

Since  I  have  been  requested  to  speak  of  our  course  of  study  in  Minnesota,  I  will 
be  pardoned  for  mentioning  our  own  plan  and  experiences.  Our  agricultural  school, 
or  "high  school,"  as  it  is  frequently  termed  has  greatly  benefited  our  college  course. 
Without  the  secondary  course  we  should  be  at  a  loss  how  to  build  up  a  college  course 
which  would  hold  a  respectable  place  in  the  colleges  of  our  university.  While  our 
25  college  students  are  but  a  small  number  among  the  3,000  academic  and  professional 
students,  yet  they  stand  well,  and  it  is  recognized  by  the  general  student  body  of  the 
university  that  they  are  preparing  for  an  important  work  in  our  most  extensive  indus- 
try. Our  farm-school  course  having  become  yearly  more  technical  but  no  less  edu- 
cational, we  found  that  the  graduates  who  wished  to  continue  and  take  a  four  years' 
college  course  were  seeking  more  academic  instruction  before  entering  the  freshman 
class  in  the  collegiate  course  in  agriculture.  Some  of  the  students  returned  to  the 
school  for  special  work  in  high-school  mathematics  and  English  before  entering  the 
freshman  class,  and  we  have  now  provided  an  intermediate  year  between  the  school 
and  college  for  those  who  wish  to  enter  the  college  course.  Since  our  university  is 
filled  with  graduates  of  high  schools  which  by  means  of  a  uniform  course  of  study  is 
articulated  with  the  university,  the  graduates  of  the  school  of  agriculture  course 
have  felt  the  need  of  more  general  studies  than  can  be  given  in  three  years  of  six 
months  each  in  the  school  of  agriculture,  and  they  were  given  an  intermediate  year. 
This  gives  a  technical  three  years'  course  for  those  wrho  wish  to  return  at  once  to  the 
farm,  and  an  eight  years'  course  for  those  who  wish  to  become  professional  workers. 
This  w7ould  seem  to  limit  the  collegiate  course  to  few  students,  but  experience  shows 
that  some  graduates  of  the  school  of  agriculture  who  expect  to  remain  on  the  farm 
take  part  or  all  of  the  college  course,  where  they  may  enter  as  regular  or  as  special 
students.  While  the  extended  course  running  through  eight  years  results  in  much 
of  the  teaching  in  technical  agricultural  subjects  during  the  junior  and  senior  years 
being  given  in  a  post-graduate  way,  there  is  a  growing  demand  for  post-graduate 
work.  Our  students  desire  so  many  lines  of  work  that  our  faculty  is  constantly 
developing  new  features  of  instruction.  Our  post-graduate  students  in  agriculture, 
live-stock  husbandry,  dairying,  etc.,  will  aid  our  busy  professors  in  developing  new 
lines  of  instruction  and  building  up  equipment  for  demonstration.  These  advanced 
students  are  useful  in  assisting  the  professors  in  their  experiment  station  wrork,  and 
here  they  get  some  of  their  best  training  as  agricultural  scientists.  Long,  steady 
training  as  students  and  as  assistants  in  doing  technical  work,  so  necessary  to  insure 
the  success  of  the  future  scientist,  must  be  recognized  as  the  best  means  of  preparing 
men  for  leading  positions  in  colleges  and  stations.  To  build  up  a  college  course  on 
the  broader  base  offered  by  the  school  of  agriculture  is  an  important  undertaking, 
but  our  faculty  is  gradually  developing  the  work,  and  our  college  students  are  yearly 
expressing  greater  satisfaction  with  the  work. 

THE  AGRICULTURAL  HIGH  SCHOOL. 

Happily,  common  sense  has  been  too  strong  for  old  traditions,  and  it  is  now  gen- 
erally admitted  that  if  education  is  to  be  universal,  or  even  general,  it  must  be  along 
practical  lines,  and  that  school  is  now  wisely  counted  best  which  best  fits  the  student 
for  his  chosen  calling,  and  at  the  same  time  develops  a  well-rounded  character. 
With  the  school  of  agriculture  planned  and  conducted  along  right  lines  the  problem 
of  how  best  to  extend  its  influence  is  greatly  simplified.  Without  this  kind  of  a 
school  to  begin  with,  no  amount  of  effort  will  make  it  grow.  To  be  successful  it  must 
command  the  respect  and  approval  of  those  most  interested  in  its  wrork.  Graduates 
of  the  Minnesota  school  follow  agricultural  pursuits,  and  the  people  of  Minnesota  are 
well-nigh  unanimous  in  its  support.  Its  success  in  these  particulars  is  phenomenal 
and  worthy  of  careful  study.  The  foundations  of  the  school  were  carefully  laid  along 
practical  lines.  In  some  respects  its  founders  probably  ' '  builded  better  than  they 
knew."  The  location  chosen  is  3  miles  from  the  university,  on  the  university  experi- 
ment farm,  where  during  the  entire  t  welve  months  the  teaching  force  carry  on  actual 
experiment  work  and  gather  material  for  their  use  in  their  no  less  important  capacity 
as  teachers  in  the  winter  school.  This  close  alliance  of  the  school  and  the  station  is 
a  strong  point,  and  as  the  station  is  near  the  university  (of  which  the  school  of  agri- 
culture is  a  department) ,  the  fine  equipment  of  that  liberally  supported  institution  is 

14815— No.  76  4 


50 


always  at  command  for  the  use  of  both  students  and  faculty.  The  choice  of  location 
was  scarcely  more  fortunate  than  the  provisions  made  for  conditions  favorable  to  the 
happiness  and  comfort  of  those  for  whom  the  school  was  founded.  As  the  prospec- 
tive students  were  farm  boys,  the  session  was  made  in  the  winter,  the  season  of  com- 
parative leisure  in  the  country.  As  such  students  would  naturally  know  little  of  any 
life  except  that  of  the  farm,  dormitories  were  built  calculated  to  bring  the  students 
in  closer  touch  with  the  faculty  and  teaching  force,  and  to  create  a  school  home  and 
home  life.  As  economy  was  a  necessity  with  the  majority,  a  liberal  table  was  pro- 
vided at  cost.  As  there  was  danger  that  boys  accustomed  to  active  outdoor  life 
would  suffer  in  health  from  close  study  and  lack  of  exercise,  a  gymnasium  was  pro- 
vided, and  military  drill  required.  Thus  in  various  ways  the  physical  and  moral 
welfare  of  the  students  was  well  considered  before  the  first  term  of  the  school  was 
opened. 

The  course  of  study  aims  to  supplement  what  the  boy  already  knows,  and  at  the 
same  time  to  cover  thoroughly  all  lines  of  agricultural  work.  The  methods  of  teach- 
ing are  thoroughly  practical.  In  the  side  lines  that  bear  close  relation  to  farming 
enough  is  had  for  practical  use.  In  blacksmithing  the  student  learns  to  make  all 
ordinary  repairs  of  farm  implements.  Such  a  knowledge  not  only  saves  the  cash 
outlay  required  to  make  them,  but,  what  is  far  more  important,  saves  time  in  going 
to  and  from  the  town  blacksmith  shop,  and  time  in  some  seasons  can  hardly  be 
measured  by  money.  In  carpentry  he  is  taught  the  use  of  tools,  and  how  to  plan 
and  construct  ordinary  farm  buildings.  In  horticulture  the  management  of  the  farm 
garden  is  completely  covered.  In  dairying  the  student  follows  the  whole  process  of 
butter  and  cheese  making,  from  the  cow  to  the  completed  product  ready  for  ship- 
ment, and  learns  the  use  of  every  implement  employed.  In  entomology  he  learns  to 
know  insect  friends  and  enemies,  and  how  to  employ  one  and  destroy  the  other.  In 
chemistry  he  learns  the  composition  and  values  of  the  food  which  his  live  stock  con- 
sumes, and  how  to  analyze  the  soil  he  tills.  No  man  has  closer  relation  with  plant 
life  than  the  farmer,  and  in  botany  he  learns  the  laws  which  govern  plant  growth, 
and  gets  the  key  to  the  best  method  of  culture.  In  the  veterinary  class  he  learns 
how  to  treat  common  diseases  of  domestic  animals,  and  something  of  simple  surgery. 
And  in  the  broader  study  of  agricultural  work  he  learns  the  best  methods  of  culture 
and  the  use  of  farm  implements.  In  live  stock,  judging  animals  is  thoroughly  taught, 
and  the  science  of  feeding  is  made  an  exhaustive  study.  Slaughtering  animals  and 
cutting  and  curing  the  meat  is  explained  to  an  extent  covering  the  needs  of  the  ordi- 
nary farmer.  All  these  lessons  are  clinched  by  actual  work.  The  student  is  not 
only  told  how  to  do  things,  but  is  required  to  do  them  under  the  eye  of  a  careful  and 
intelligent  instructor.  To  illustrate  the  methods  of  teaching,  an  example  may  be 
taken  from  the  live-stock  class  room.  Into  this  room  animals  are  brought  to  illus- 
trate the  various  lectures.  They  are  placed  on  a  raised  platform  covered  with  saw- 
dust, in  full  view  of  all  the  students  in  the  class.  Duplicate  specimens  are  chosen, 
whence  correct  ideas  are  formed  as  to  the  characters  which  each  possesses.  The 
principles  that  govern  correct  judging  are  first  given  in  proper  sequence,  and  with 
sufficient  minuteness,  and  thus  equipped  the  students  are  required  to  apply  these 
principles  in  actually  judging  the  specimens  thus  presented  to  them.  When  the 
animal  before  the  class  is  analyzed,  its  faults  shown,  the  good  points  made  known, 
and  the  ideal  animal  made  plain  to  the  minds  of  the  students,  a  new  interest  is 
aroused,  and  the  student  is  required  to  judge  another  and  a  different  one,  applying 
for  himself  the  principles  taught,  and  the  practical  lesson  is  fixed  in  his  memory 
beyond  a  doubt  of  losing  it;  and  when  he  is  led  on  in  the  science  of  feeding,  and 
learns  that  kindness,  comfort,  and  shelter  pay,  and  that  food  not  needed  is  worse 
then  wasted,  and  that  an  improperly  balanced  ration  is  partial  starvation,  he  begins 
to  understand  that  he  knew  very  little  about  animals,  and  what  was  perhaps  distaste- 
ful before  takes  on  a  new  and  intense  interest. 

The  students  are  furnished  with  text-books  prepared  for  them  on  the  study  of 
breeds,  on  breeding,  and  on  the  feeding  and  management  of  animals.  Hence  it  is 
possible  for  them  to  store  their  minds  with  accurate  information  on  the  subjects 
taught. 

The  same  line  of  instruction  is  followed  in  other  departments.  In  general  agricul- 
ture, for  instance,  the  routine  of  the  farm  impresses  the  average  boy  with  the  idea 
that  work  was  designed  by  Providence,  or  somebody  else,  to  keep  boys  busy  and 
prevent  them  from  having  any  fun.  But  when  he  is  taught  about  the  laws  of  plant 
life  and  learns  that  weeds  are  mortal  enemies  of  useful  plants,  that  cultivation  is 
making  war  on  them,  and  learns  much  about  how  plants  may  be  improved  by  select- 
ing and  crossbreeding,  a  new  interest  is  aroused  and  the  work  ceases  to  be  a  drudgery. 

So  clearly  practical  and  valuable  are  the  lessons  taught  in  all  the  class  rooms  that  an 
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experienced  farmer  seldom  visits  the  school  without  saying, ' '  If  I  could  have  had  such 
instruction  when  I  was  a  young  man  it  would  have  saved  me  thousands  of  dollars. ' ' 
But  however  wisely  the  foundations  of  a  school  are  laid,  its  success  depends  upon  its 
teaching  force.  The  Minnesota  School  of  Agriculture  has  been  peculiarly  fortunate 
in  its  faculty.  It  is  not  only  a  harmonious  body,  working  together  for  the  single 
purpose  of  winning  success  for  the  school,  but  each  is  an  expert  and  enthusiast  in  his 
or  her  line,  and  in  full  sympathy  with  rural  life.  It  is  of  no  use  to  have  instructors  to 
teach  young  people  what  they  do  not  believe  themselves.  The  sham  is  quickly  recog- 
nised and  the  result  is  disastrous.  The  best  teachers  are  enthusiasts,  who  inspire 
every  man  around  them  with  something  of  their  own  sentiment.  The  school  of 
agriculture  which  expects  to  grow  in  attendance  and  influence  must  keep  in  close 
touch  with  the  intelligent  and  progressive  farmers  of  the  State.  Xo  dean  or  profes- 
sor is  so  wise  or  well  equipped  that  he  can  not  learn  something  from  the  men  who 
walk  between  the  plow  handles  and  put  all  theories  to  the  test  of  actual  practice. 

It  is  a  pleasure  to  acknowledge  that  many  of  the  most  practical  features  of  the 
course  of  study  of  the  Minnesota  school  have  been  the  suggestions  of  farmers  whose 
wisdom  came  from  the  fields. 

During  the  past  year  many  thousand  visitors  have  been  entertained  at  the  Minne- 
sota School  of  Agriculture,  and  most  of  them  have  been  practical  farmers.  Each 
party  was  usually  made  up  of  delegates  from  the  townships  of  a  single  county  chosen 
by  the  farmers  themselves,  and  for  the  purpose  of  investigating  the  methods  of  the 
school,  which  they  regard  as  peculiarly  their  own.  These  delegations  have  found  all 
doors  open,  and  have  visited  the  class  rooms  and  seen  the  work  of  the  school  in  actual 
progress  in  all  its  interesting  departments.  I  can  imagine  no  other  and  better  way  to 
extend  the  influence  of  such  a  school,  and  increase  its  attendance,  than  by  such  con- 
stant touch  with  the  people  for  whose  sons  and  daughters  the  school  was  founded. 

As  to  coeducation  in  schools  of  agriculture,  it  needs  no  argument  to  prove  that 
educating  boys  without  offering  equal  advantages  to  girls  is  not  only  unfair,  but  well 
calculated  to  defeat  the  main  purpose  of  all  education — the  betterment  of  social  con- 
ditions and  the  uplifting  of  the  standard  of  the  home  and  home  living.  In  1897  the 
doors  of  our  school  of  agriculture  were  thrown  open  to  young  ladies,  and  on  equal 
terms  with  the  young  men.  The  course  of  instruction  for  both  is  the  same  through- 
out, except  that  the  young  ladies  are  not  required  to  take  instruction  in  such  mechani- 
cal work  as  properly  pertains  to  young  men,  while  they  are  required  to  receive 
instruction  in  cooking,  home  dairying,  laundry  work,  and  in  fitting  and  making  gar- 
ments. They  are  not  only  required  to  attend  lectures  on  these  subjects,  but  each 
must  engage  in  the  work  from  time  to  time  until  it  is  mastered.  They  are  also  given 
instruction  in  that  queenly  subject,  the  principles  that  govern  practical  housekeeping. 
Our  girls  are  enthusiastic  students,  and  while  this  part  of  our  school  is  only  a  few 
years  old,  all  doubts  of  its  success  and  utility  have  been  allayed.  The  pedagogics  of 
farm  home  making  are  being  developed  by  our  teachers  in  a  manner  quite  satisfac- 
tory. The  young  ladies  find  time  to  take  many  technical  studies  with  the  boys,  but 
from  year  to  year  we  develop  more  of  the  technical  household  subjects,  and  the  time 
devoted  by  the  girls  to  agricultural  topics  is  somewhat  abridged.  We  have  as  yet 
had  no  woman  in  our  college  agricultural  course,  though  the  time  will  come  when  cook- 
ing, domestic  chemistry,  home  sanitation,  and  household  art  will  be  pushed  forward 
by  women  with  such  scientific  acquirements  as  may  be  obtained  only  through  a  col- 
lege course. 

Whether  schools  of  agriculture  will  check  the  migration  of  the  bright  young  man 
and  woman  from  the  farms  to  the  cities  remains  to  be  seen.  It  is  not  to  be  expected, 
nor  is  it  desirable,  that  all  the  graduates  of  these  schools  should  stay  on  the  farm. 
Some  of  them  are  unfitted  by  bent  of  nature  for  farmers,  and  for  such  it  is  a  dis- 
tasteful calling,  the  calling  is  discredited,  and  the  individual  is  hampered  by  an 
uncongenial  employment.  What  schools  of  agriculture  can  do  to  check  the  tendency 
cityward  is  to  present  the  attractions  of  the  country  in  new  and  favorable  lights,  so 
that  the  substantial  advantages  of  rural  life  will  not  suffer  by  comparison  with  the 
more  brilliant,  but  illusive,  attractions  of  the  city.  All  the  systems  of  education, 
including  the  country  school,  have  in  the  past  educated  children  away  from  the 
country.  It  is  one  of  the  missions  of  the  school  of  agriculture  to  make  the  country 
home  stand  in  its  true  relation  to  wholesome  living,  and  to  enable  young  people  to 
decide  fairly  and  intelligently  between  the  country  and  the  city.  Fortunately,  the 
students  who  seek  education  in  schools  of  agriculture  are  good  material  to  begin  with. 
Most  of  them  are  studious,  ambitious,  and  self-reliant.  Public  sentiment  in  the  school 
is  in  favor  of  wholesome  discipline  for  the  good  of  all,  and  the  value  of  time  is 
understood.  Most  of  the  students  and  graduates  are  the  best  possible  evidence  of 
the  excellence  of  the  school  training.  As  they  have  opportunities  they  introduce 
the  better  methods  they  have  learned,  and  modestly  do  their  part  toward  bettering 
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the  condition  of  life  in  their  communities.  What  an  uplifting  force  will  be  developed 
out  of  these  centers  of  influence  as  the  graduates  year  after  year  assume  their  duties 
as  citizens  and  found  new  homes,  can  hardly  be  imagined;  but  that  it  will  be  a  pow- 
erful factor  in  placing  agriculture  in  the  front  rank  of  industrial  progress  does  not 
admit  of  a  doubt. 

For  myself,  I  look  forward  to  the  future  of  schools  of  agriculture  with  a  confidence 
which  I  believe  is  fully  warranted  by  the  success  already  achieved,  and  expect  to 
see  their  influence  steadily  increase  and  widen,  until  the  effect  of  their  good  work 
becomes  more  and  more  apparent  in  the  betterment  of  conditions  on  the  American 
farm,  and  the  general  uplifting  of  this,  the  most  important  class  of  the  world's 
workers. 

A.  C.  True,  for  the  committee  on  graduate  study,  stated  that  that  committee  had 
not  been  able  to  assemble  for  the  preparation  of  a  formal  report  at  this  time.  The 
plan  presented  to  the  Association  last  year  and  approved  at  that  time  had  been  laid 
before  the  regents  of  the  Smithsonian  Institution  and  was  now  being  considered  by  a 
special  committee  of  the  regents.  The  action  of  the  Association  had  attracted  wide- 
spread attention,  and  led  to  much  discussion  regarding  the  best  methods  for  securing 
appointments  for  graduate  study  at  Washington.  It  had  encouraged  the  Secretary 
of  Agriculture  to  formulate  and  put  into  operation,  with  the  cooperation  of  the  Civil 
Service  Commission,  a  plan  for  registering  the  graduates  of  the  land-grant  colleges 
and  admitting  them  to  the  service  of  the  Department  as  opportunity  offered.  The 
main  features  of  this  plan  have  already  been  brought  to  the  attention  of  the  colleges 
and  published  by  the  Department.1  It  should  be  distinctly  understood  that  this  is 
an  experiment.  It  is  an  experiment  that  will  be  watched  with  a  good  deal  of  interest 
at  Washington. 

The  Civil  Service  Commission  evidently  regards  this  as  an  opportunity  to  find  out 
how  such  a  plan  will  work,  and  if  it  succeeds  they  will  be  inclined  to  favor  its 
extension  to  other  Departments  of  the  Government,  thus  broadening  it  out  to  meet, 
in  a  measure  at  least,  the  plan  which  the  Association  has  already  indorsed.  One  large 
element  contributing  to  the  success  of  such  an  experiment  will  be  the  intelligent 
and  careful  work  which  shall  be  done  by  the  officers  of  the  institutions  concerned. 
If  it  is  clearly  understood  that  what  the  Department  wants  in  the  way  of  graduate 
students  is  a  body  of  the  brightest  and  best  men  that  graduate  at  these  institutions; 
that  these  should  be  men  of  some  maturity,  who  are  prepared  thoroughly  to  appre- 
ciate and  profit  by  the  opportunities  at  Washington;  there  will  be  a  good  promise  of 
success.  It  is  very  desirable  that  this  should  be  impressed  upon  the  students  of  these 
institutions,  and  that  so  far  as  recommendations  are  made  they  should  be  carefully 
made,  in  order  that  the  register  made  up  by  the  Commission  may  have  on  it  a  select 
list  of  names. 

Another  thing  which  should  be  clearly  understood  is,  that  the  number  of  places 
which  the  Department  can  offer  at  present  is  comparatively  small.  The  Secretary  is 
very  much  in  earnest  about  this  matter,  and  it  is  his  intention  to  do  all  that  he  can 
on  his  part  to  afford  opportunities  for  students  of  the  right  kind  to  enjoy  whatever 
privileges  it  may  be  possible  to  give  them  in  the  Department. 

A.  C.  True  also  made  the  following  statement  regarding  cooperation  between  the 
stations  and  the  United  States  Department  of  Agriculture: 

I  presume  that  many  of  you  have  observed  that  there  is  an  increasing  tendency  on 
the  part  of  Congress  to  insert  provisions  in  the  bill  for  the  support  of  the  Department 
of  Agriculture  under  which  cooperation  between  the  Department  and  the  experi- 
ment stations  is  favored.  That  has  already  gone  to  an  extent  which  seems  to  make 
it  important  that  the  institutions  concerned  should  consider  carefully  the  matter  of 
cooperation  with  the  Department,  and  should  have  some  definite  understanding  as 
to  the  basis  on  which  such  cooperation  is  desirable.  There  is  a  feeling  in  Congress 
that  the  Department  and  the  stations  should  work  together  in  the  future  more  than 
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they  have  in  the  past,  and  there  is  a  disposition  to  give  to  the  Secretary  of  Agricul- 
ture lump  sums  of  money  for  special  investigations,  with  the  understanding  that  this 
money  shall  be  used  to  a  considerable  extent  to  promote  the  investigations  of  the 
stations.  Hitherto  this  matter  has  not  been  deemed  of  enough  importance  to 
necessitate  the  establishment  of  any  regular  methods  of  procedure  regarding 
arrangements  for  cooperation.  It  has  been  the  practice  for  the  different  chiefs  in  the ' 
Department  to  make  arrangements  on  their  own  behalf  for  cooperation  as  regards 
the  funds  under  their  immediate  control.  On  the  other  hand,  it  has  been  to  a  con- 
siderable extent  the  practice  of  individual  omcer&of  the  experiment  stations  to  make 
arrangements  with  the  Department  on  their'  own  account.  But  as  the  amount  of 
cooperation  increases,  and  the  number  of  subjects  on  which  there  is  cooperation 
increases,  it  seems  desirable  that  arrangements  for  cooperation  between  the  stations 
and  the  Department  should  be  established  on  some  more  formal  and  comprehensive 
basis;  and  therefore  the  Secretary  of  Agriculture  has,  as  doubtless  many  of  you 
know,  issued  an  order  under  which  the  officers  of  the  Department  desiring  cooperation 
with  the  stations  must  first  present  their  plan  of  cooperation  to  the  Secretary  for  his 
approval.  "When  it  has  received  his  approval,  it  must  be  transmitted  to  the  Office 
of  Experiment  Stations,  whose  duty  it  then  becomes  to  conduct  correspondence  with 
the  station  with  a  view  to  making  a  contract  for  such  cooperation.  The  Office  of 
Experiment  Stations  will  of  course  correspond  with  the  person  who,  in  its  under- 
standing, is  designated  as  the  executive  officer  of  the  station,  on  the  presumption 
that  he  will  proceed  under  the  general  regulations  governing  the  business  of  the 
station,  referring  the  matter  to  the  governing  board  or  the  president  of  the  college, 
according  to  circumstances,  so  that,  in  a  word,  the  business  will  be  conducted  on  the 
part  of  the  station  as  a  station,  and  not  as  a  matter  simply  concerning  any  particular 
officer  of  the  station.  Now,  this  arrangement  is  made  to  promote  rather  than  restrict 
cooperation,  and  the  Secretary  of  Agriculture  wishes  it  to  be  clearly  understood  that 
he  is  in  favor  of  extending  the  cooperation  of  the  Department  with  the  stations,  and 
that  he  is  only  anxious  that  the  business  shall  be  arranged  in  a  way  which  will  be 
definite  and  satisfactory. 

I  have  had  some  inquiries  regarding  this  matter  which  have  seemed  to  show  that 
the  stations  did  not  clearly  understand  the  arrangement,  and  one  thing  that  has 
seemed  not  to  be  understood  is  this:  When  a  proposition  for  cooperation  is  made 
through  the  Office  of  Experiment  Stations  to  any  station,  that  is  simply  for  the  pur- 
pose of  laying  the  matter  before  the  station.  It  is  our  custom,  and  it  seems  to  me  a 
desirable  thing,  that  we  should  make,  so  far  as  we  can,  some  definite  proposition;  but 
when  the  station  receives  that  proposition,  it  should  not  consider  that  as  the  only 
proposition  which  may  be  acceptable  to  the  Secretary  of  Agriculture.  That  is  simply 
an  initial  proposition.  If  the  station,  after  considering  it,  desires  to  have  it  materially 
modified,  the  Secretary  will  be  glad  to  consider  their  wishes  in  the  matter,  and  I  am 
sure  will  be  disposed  to  meet  them  as  far  as  he  can  and  make  an  arrangement  which 
will  be  satisfactory  to  the  station.  If  you  are  not  prepared  to  enter  into  cooperation, 
you  should  frankly  so  state  to  the  Department.  If  you  desire  other  arrangements 
than  those  proposed,  they  should  be  frankly  stated. 

Moreover,  the  stations  should  understand  that  they  are  invited  on  their  part  to 
propose  cooperation.  If  there  are  any  lines  in  which  a  station  thinks  the  Department 
may  help  it,  it  should  feel  free  to  ask  the  Department  for  aid  along  that  line;  and 
such  propositions,  coming  to  the  Department  through  the  Office  of  Experiment  Sta- 
tions, will  be  taken  up  by  that  office  on  behalf  of  the  station  with  a  view  to  having  a 
clear  understanding  of  the  matter  in  the  Department  and  the  securing  as  far  as  prac- 
ticable of  an  arrangement  that  will  be  of  service  to  the  station. 

I  do  not  think  it  is  desirable  that  any  one  station  should  cooperate  in  any  consid 
erable  number  of  lines  with  the  Department.  The  same  principle  applies  there  as  in 
the  station  work  in  general.    It  would  be  better  for  the  station  to  take  up  one  or  two 
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things  and  get  sufficient  aid  from  the  Department  to  make  important  investigations 
along  those  lines  rather  than  take  up  in  a  small  way  a  number  of  things. 

There  is  another  matter  which  I  think  the  stations  ought  to  consider.  The  stations 
are  carrying  on  in  the  different  States  investigations  which  reach  out  and  take  in  the 
State  as  a  whole,  so  that  their  investigations  are  being  conducted  perhaps  in  a  number 
of  different  places.  Naturally  the  people  of  the  State  come  to  look  upon  the  station 
as  the  agency  for  conducting  such  investigations.  The  entrance  of  the  Department 
of  Agriculture  into  the  same  field  may  easily  disturb  the  work  of  the  station.  I  am 
sure  that  the  Secretary  of  Agriculture  desires  that  the  investigations  of  the  Depart- 
ment shall  be  conducted  in  such  a  way  as  not  to  interfere  with  the  standing  of  any 
station  or  with  its  relations  with  the  people  of  its  own  State;  and  that  is  a  matter 
regarding  which  the  station  should  feel  free  to  make  known  their  wishes  to  the 
Department  and  secure  a  proper  arrangement  for  the  conduct  of  such  work. 

As  regards  the  matter  of  publication,  I  would  state  that  just  as  soon  as  cooperation 
with  the  Department  of  Agriculture  is  decided  upon  there  should  be  a  definite 
arrangement  between  the  station  and  the  Department  regarding  publication.  What 
the  terms  should  be  would  of  course  depend  upon  the  circumstances  of  the  particular 
case. 

B.  C.  Buffum,  of  Wyoming,  thought  that  while  cooperation  was  desirable  it  should 
be  confined  to  a  few  lines. 

F.  W.  Traphagen,  of  Montana,  thought  it  desirable  for  a  station  worker  to  be 
informed  as  to  what  others  are  doing  in  advance  of  the  publication  of  the  results  of 
investigations,  which  is  sometimes  delayed  for  several  }rears. 

The  Chairman.  The  Chair  would  like  to  say  that  it  seems  to  him  that  the  mutual 
acquaintance  with  each  other's  work  which  the  gentleman  desires  should  be  one  of 
the  most  important  functions  of  the  section  meetings  of  this  Association.  That  is 
exactly  what  the  sections  are  intended  for. 

E.  C.  Chilcott,  of  South  Dakota,  suggested  that  the  best  way  to  clear  up  the  diffi- 
culties would  be  to  have  a  personal  interview  with  the  Secretary  of  Agriculture  and 
with  the  heads  of  the  divisions.    (For  action  on  this  subject  see  p.  55.) 

The  committee  on  nomination  of  officers,  consisting  of  A.  A.  Brigham,  of  Rhode 
Island;  J.  K.  Patterson,  of  Kentucky;  R.  H.  Loughridge,  of  California;  R.  J.  Redding, 
of  Georgia;  R.  C.  Kedzie,  of  Michigan;  C.  D.  Woods,  of  Maine,  and  B.  C.  Buffum, 
of  Wyoming,  presented  the  following  report: 

We  unanimously  and  heartily  recommend  to  the  Association  for  the  ensuing  year: 

For  president. — J.  E.  Stubbs,  of  Nevada. 

For  vice-presidents. —  (1)  E.  W.  Hilgard,  of  California;  (2)  J.  M.  Stone,  of  Mississippi; 
(3)  E.  E.  Smiley,  of  Wyoming;  (4)  M.  H.  Buckham,  of  Vermont;  (5)  M.  A.  Scovell, 
of  Kentucky. 

For  secretary  and  treasurer. — E.  B.  Voorhees,  of  New  Jersey.  • 

For  executive  committee. — H.  H.  Goodell,  of  Massachusetts;  W.  M.  Liggett,  of  Min- 
nesota; J.  H.  Washburn,  of  Rhode  Island;  Alexis  Cope,  of  Ohio. 
For  bibliographer. — A.  C.  True,  of  Washington,  D.  C. 

The  secretary  was  instructed  to  cast  the  unanimous  ballot  of  the  Association  for  the 
officers  nominated. 

The  Chair  appointed  S.  M.  Emery,  of  Montana;  C.  S.  Murkland,  of  New  Hamp- 
shire, and  W.  L.  Hutchinson,  of  Mississippi,  a  committee  on  resolutions  of  thanks  for 
courtesies  shown  the  Association.    (For  report  see  p.  64.) 

Mayor  J.  D.  Phelan,  of  San  Francisco,  by  courtesy  of  the  president  and  board  of 
directors  of  the  Mark  Hopkins  Institute  of  Art,  invited  the  Association  to  visit  that 
institution. 
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Evening  Session,  Friday,  Juey  7,  1899. 

The  executive  committee  reported  back  to  the  Association,  in  a  modified  form,  a 
resolution  introduced  by  President  Buckham,  of  Vermont,  with  reference  to  those 
libraries  that  are  depositories  of  public  documents,  as  follows: 

Whereas  the  public  documents  supplied  to  depository  libraries  do  not  reach  them 
until  from  two  to  four  years  after  the  date  of  their  first  printing;  and 

Whereas  the  reports  and  publications  of  Executive  Departments  are  often  of  the 
highest  scientific  value,  containing  the  very  latest  information  on  subjects  which  are 
engaging  the  attention  of  the  scientific  world;  and 

Whereas  both  the  debates  proper  and  the  aforementioned  publications  of  Executive 
Departments  are  first  published  and  are  in  the  hands  of  the  Congressmen  and  of  the 
Executive  Departments  two  to  four  years  before  the  depository  libraries  get  them: 
Therefore  be  it 

Resolved,  That  this  Association  petition  Congress  that  such  measures  be  taken  as 
shall  secure  the  delivery  of  the  public  documents  in  question  to  depository  libraries 
at  the  earliest  practicable  moment,  and  that  the  executive  committee  be  instructed  to 
bring  the  matter  to  the  attention  of  the  proper  committees  of  the  two  Houses. 

The  resolutions  were  adopted. 

The  following  resolution,  introduced  by  H.  E.  Stockbridge,  was  read: 

Whereas  the  act  of  Congress  creating  the  so-called  ' '  land-grant  colleges ' '  declares 
that  their  ' '  leading  object  shall  be  *  *  *  to  teach  such  branches  of  learning  as  are 
related  to  agriculture  and  the  mechanic  arts;"  and 

Whereas  the  ' '  teaching  of  branches  of  learning  related  to  agriculture ' '  and  instruc- 
tion in  "the  mechanic  arts"  are  open  to  students  in  all  undergraduate  courses  in  these 
institutions,  but  instruction  in  agriculture  is,  in  most  institutions,  confined  exclusively 
to  the  agricultural  courses:  Therefore  be  it 

Resolved,  That  compliance  with  the  language  and  spirit  of  the  original  Morrill  law, 
and  the  importance  of  a  knowledge  of  the  principles  of  agricultural  science  and  prac- 
tice to  all  American  citizens,  together  with  the  intimacy  of  the  relations  existing 
between  agriculture  and  the  natural  and  economic  sciences,  require  that  all  students 
following  undergraduate  courses  in  the  institutions  receiving  the  benefits  of  the  ' '  land- 
grant  act"  should  be  given  opportunity  for  receiving  instruction  in  agriculture  in 
courses  not  distinctly  agricultural. 

Resolved,  That  this  Association  recommends  to  the  institutions  embraced  within  its 
membership  the  introduction  of  the  study  of  agriculture  as  coordinate  with  all  other 
subjects  included  by  their  regular  courses,  believing  such  action  would  render  these 
courses  more  liberal  and  the  education  obtained  more  useful. 

On  the  recommendation  of  the  executive  committee,  no  action  was  taken  upon  this 
resolution. 

E.  A.  Bey  ax,  of  Washington.  There  has  been  some  talk  about  cooperative  work 
between  the  TJ.  S.  Department  of  Agriculture  and  the  experiment  stations.  It  would 
seem  desirable  for  both  the  Department  and  the  stations  that  action  should  be  taken 
in  regard  to  this  work.  I  therefore  desire  to  make  this  motion,  that  a  committee  of 
five  be  appointed  to  consider  the  question  of  cooperative  work  of  the  experiment  sta- 
tions with  the  Department  of  Agriculture,  and  report  at  the  next  meeting  of  this  Asso- 
ciation such  recommendations  as  shall  be  deemed  advisable  and  desirable  in  this' 
regard. 

The  motion  was  carried. 

The  chair  subsequently  appointed  on  this  committee  E.  A.  Eryan,  of  Washington; 
H.  H.  Goodell,  of  Massachusetts;  W.  A.  Henry,  of  Wisconsin;  H.  J.  Waters,  of 
Missouri,  and  L.  G.  Carpenter,  of  Colorado. 

The  following  paper,  by  A.  J.  Pieters,  of  the  U.  S.  Department  of  Agriculture,  was 
read: 

Methods  of  Seed  Testing  axd  theie  Relation  to  the  Faem  and  Gaedex. 

The  continued  increase  in  the  interest  taken  by  the  experiment-station  workers  in 
seed  testing  can  not  fail  to  be  gratifying  to  those  who  appreciate  the  importance  of 
the  work.  A  few  stations  have  worked  along  these  lines  for  many  years,  but  since 
the  Washington  meeting  of  this  Association  there  has  been  a  marked  increase  in  the 
number  of  stations  actively  engaged  in  seed  testing. 
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Since  the  establishment  of  the  pure-seed  work  by  the  late  Mr.  Hicks  this  laboratory 
has  had  a  share  in  awakening  a  larger  interest  in  this  work,  and  it  is  therefore  with 
pleasure  that  I  have  accepted  the  assignment  of  Professor  Green  to  prepare  a  brief 
paper  on  "Methods  of  seed  testing  and  their  relation  to  the  farm  and  garden." 

It  will  be  unnecessary  to  repeat  the  arguments  in  favor  of  testing  seeds,  for  they 
have  been  given  so  frequently  that  little  new  can  be  added,  and,  besides,  the  time  has 
gone  by  when  seed  testing  in  its  broad  sense  needs  defense.  Our  chief  concern  at 
present  is  with  the  methods  of  testing  and  how  to  place  the  results  of  our  work  before 
the  people  in  such  a  way  that  the  greatest  good  will  result, 

The  problems  arising  in  testing  field  seeds  and  garden  seeds  are  somewhat  different, 
Among  field  seeds  the  grasses  and  clovers  will  claim  most  of  the  expert's  attention. 
In  these  the  question  of  genuineness  of  variety  does  not  enter;  the  species  can  usually 
be  determined  without  much  trouble,  and  the  purity  tests,  though  often  requiring 
much  time  and  labor,  present  no  other  difficulties  except  it  be  the  determination  of 
unfamiliar  weed  seeds.  Purity  tests  will  usually  have  to  be  made  by  the  stations, 
since  there  is  not  a  sufficient  knowledge  of  seeds  among  the  rural  classes  to  enable 
them  to  detect  the  seeds  of  dangerous  weeds,  nor  is  it  possible  by  means  of  simple 
apparatus  to  arrive  at  an  accurate  knowledge  of  the  percentage  of  impurity  in  a  given 
sample. 

The  most  patience-consuming  tests,  but  at  the  same  time  some  of  the  most  neces- 
sary, are  those  of  grass  seeds.  Here  there  is  more  chance  for  fraudulent  practice  than 
anywhere  else,  and  such  frauds  are  less  likely  to  be  detected.  The  method  of  draw- 
ing samples  from  such  seeds  is  of  importance,  as  without  care  and  judgment  in  this 
detail  a  wholly  mistaken  conclusion  may  be  reached.  A  number  of  samples  of 
Bromus  inermis  were  examined  the  past  year  and  several  were  found  to  be  adulterated 
with  Festuca  pratmsis.  The  seeds  of  this  grass  are  much  smaller  and  relatively 
heavier  than  those  of  brome  grass,  and  they  work  through  the  mass  to  the  bottom. 
If  a  lot  of  brome  grass  that  has  been  adulterated  to  at  least  25  per  cent  is  examined 
by  taking  in  the  hand  a  sample  from  a  large  bulk,  it  may  have  every  appearance  of 
being  good  seed.  A  more  careful  examination  will  reveal  a  few  seeds  of  meadow 
fescue  in  the  palm  of  the  hand,  and  a  sample  from  the  bottom  of  the  sack  will  show  a 
large  amount  of  this  adulteration.  If  the  sample  of  this  seed  had  been  drawn  from 
the  top  of  the  sack  too  low  a  percentage  of  impurity  would  have  been  reported,  while 
if  the  sample  had  been  taken  from  the  bottom  the  amount  of  adulteration  would 
have  appeared  to  be  more  than  really  was  present  in  the  lot,  When  testing  seeds 
sent  in  by  the  public  this  point  needs  to  be  constantly  borne  in  mind.  A  report  can 
refer  only  to  the  sample  actually  tested,  unless  it  has  been  taken  by  a  representative 
of  the  station,  when  the  percentage  of  impurity  in  the  entire  lot  may  be  safely 
guaranteed.  * 

A  great  help  in  testing  the  seeds  of  grasses  is  a  mirror  box.  A  modified  form 
of  the  German  Spiegelkasten  will  be  found  described  in  the  Yearbook  of  the  U.  S. 
Department  of  Agriculture  for  1897,  in  a  paper  entitled  "Additional  notes  on  seed 
testing,"  by  Hicks  and  Key.  This  is  a  box  open  on  top  and  in  front  and  having  a 
mirror  swung  in  the  middle  of  the  box.  The  light  is  reflected  through  a  plate  of 
glass  on  which  the  sample  is  placed.  The  empty  glumes  are  then  readily  picked  out 
by  their  translucent  appearance. 

Another  piece  of  time-saving  apparatus  that  has  been  devised  at  the  seed  labora- 
tory consists  of  a  glass  tube,  open  above  and  closed  below  with  fine  wire  gauze.  The 
tube  is  passed  through  a  close-fitting  hole  in  a  piece  of  stiff  cardboard  and  the  sample 
poured  on  the  gauze  bottom.  The  tube  is  then  covered  with  a  bell  jar,  and  a  current 
of  air  is  passed  through  the  seeds  from  below.  This  current  should  be  at  all  times 
under  the  control  of  the  operator,  and  will  carry  off  all  the  chaff,  spreading  it  evenly 
over  the  cardboard,  where  it  may  be  examined  with  a  lens  to  see  that  no  seeds  have 
passed  over  with  the  chaff.  By  this  means  much  time  may  be  saved  in  testing  redtop 
and  the  bent  grasses. 

Among  the  most  important  problems  in  connection  with  the  purity  of  seeds  is  the 
spread  of  weeds.  From  all  parts  of  the  country  come  reports  of  new  weeds  first  seen 
in  a  clover  field  or  a  meadow  and  evidently  introduced  with  the  seed  sown.  Among 
the  worst  of  these  seeds  is  dodder,  which  is  probably  becoming  more  frequent  in  this 
country.  Farmers  should  be  urged  to  plant  no  clover  seed  in  which  dodder  is  found, 
and  also  to  carefully  examine  their  clover  fields  and  destroy  all  their  dodder  before 
harvesting  the  seed.  The  clover-seed  industry  is  an  important  one,  and  every  effort 
should  be  made  to  save  it  from  the  harm  that  a  wide  distribution  of  dodder  would 
certainly  cause.  Most  of  our  weeds  have  been  introduced  with  agricultural  seed,  and 
new  weeds  are  doubtless  ready  to  come  in  over  the  same  road.  An  early  detection  of  a 
new  weed  seed  in  commercial  seed  might  often  prevent  serious  consequences.  Cordial 
cooperation  along  this  line  and  frequent  exchange  of  information  among  the  seed- 
testing  stations  would  do  much  to  keep  weeds  in  check. 
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The  official  apparatus  for  germination  has  been  fully  described  in  the  report  of  the 
committee  appointed  by  this  Association  at  its  Washington  meeting  and  need  not  be 
further  referred  to  here.  Germination  tests,  except  of  grasses,  can  be  so  readily 
carried  on  by  the  planter  himself  that  the  station  ought  not  usually  to  be  troubled 
with  the  work.  For  home  seed  testing  the  simplest  possible  apparatus  is  desired. 
Every  intelligent  planter  will  think  of  simple  methods  that  will  provide  the  essen- 
tials of  warmth,  moisture,  and  fresh  air.  A  box  of  soil  in  the  window  or  some  of 
the  simple  apparatus  described  by  me  in  the  Yearbook  of  the  IT.  S.  Department 
of  Agriculture  for  1895  will  answer  every  purpose.  A  certain  number  of  seeds 
should  be  accurately  counted,  as  without  this  no  dependence  can  be  placed  upon  a 
test,  but  for  practical  farm  purposes  it  is  not  necessary  to  have  an  apparatus  capable 
of  getting  a  sprout  from  every  live  seed.  The  important  thing  is  to  know  how  many 
seeds  will  produce  healthy  plants,  and  seeds  strong  enough  to  do  this  will  grow 
readily  under  conditions  that  would  not  be  the  most  favorable  for  weak  seeds.  If 
seeds  make  weak  sprouts,  even  though  a  large  percentage  of  them  start,  they  are  unfit 
for  use.  The  condition  of  the  seed  corn  this  year  throughout  the  great  corn  belt  has 
emphasized  the  wisdom  of  testing  the  seed,  and  the  agricultural  press  of  the  West 
has  done  a  good  work  in  urging  upon  farmers  the  need  of  testing  their  seed  corn. 

In  making  germination  tests  in  the  chamber  it  must  always  be  borne  in  mind 
that  weak  seeds  will  give  a  higher  percentage  of  germination  than  they  will  if 
planted  in  soil.  With  fresh,  vigorous  seeds  the  difference  between  chamber  and 
soil  tests  will  be  insignificant,  but  with  old  or  weak  seeds  there  may  be  a  difference 
of  from  10  to  20  per  cent,  and  the  chamber  test  will,  in  a  measure,  give  a  false  idea 
of  the  planting  value  of  the  seed.  This  can  be  checked  by  recording  the  germinat- 
ing energy,  which  will  be  a  fairly  accurate  measure  of  the  strength  of  germination. 

In  testing  vegetable  seeds  the  problem  of  genuineness  of  the  variety  is  added. 
Thousands  of  dollars'  worth  of  vegetable  seeds  are  planted  every  year,  and  hundreds 
of  people  are  disappointed  in  their  expectations  of  mammoth  cabbages,  everbearing 
sweet  corn,  or  wonderful  extra-early  giant  melons.  But  aside  from  these  novelties, 
of  which  the  cautious  planter  is  always  shy,  the  question  of  trueness  to  name  is 
an  important  one,  wdiether  the  plants  are  grown  for  market  or  in  private  gardens. 
This  can  be  determined  only  by  field  tests,  and  of  course  can  not  be  known  until  the 
season  for  planting  is  over.  Notwithstanding  its  importance,  therefore,  a  variety  test 
is  usually  impracticable  for  a  seed-testing  station.  The  germination  test,  however, 
should  never  be  neglected.  Much  complaint  is  heard  about  garden  seeds  not  "  com- 
ing up,"  but  experience  shows  that  the  fault  is  as  likely  to  be  in  the  planting  as  in 
the  seeds.  In  1827  Grant  Thorburn  wrote  in  the  New  England  Farmer  that  "besides 
good  seeds,  good  gardeners  are  necessary  in  making  a  garden  flourish."  He  had 
been  listening  to  complaints  about  his  seeds  not  sprouting,  and  had  advised  buyers 
to  test  their  seeds  by  planting  them  in  flowerpots,  showing  them  how  to  do  it,  and 
mentioning  some  of  the  causes  for  the  failure  of  seeds  to  sprout.  A  simple  germina- 
tion test  would  show  wThether  the  blame  lay  with  the  seeds  or  with  the  gardener,  and 
if  with  the  seeds  there  would  be  time  to  get  a  new  lot  before  the  close  of  the  planting 
season. 

There  is  only  one  way,  however,  to  even  partially  insure  against  planting  falsely 
named  seeds,  and  that  is  to  buy  from  reliable  seedsmen.  If  this  is  done  there  will  be 
a  minimum  of  complaint.  There  are  many  seedsmen  in  the  United  States  who  have  a 
reputation  to  keep  up,  and  who  honestly  try  to  sell  as  good  seeds  as  they  can  for  the 
money.  It  costs  to  fertilize  and  to  tend  a  seed  crop  and  to  rogue  the  fields.  In  some 
cases  one-fourth  of  the  plants  have  to  be  destroyed  in  order  to  get  a  crop  that  will 
reproduce  the  type.  It  takes  expert  labor  to  grow  the  best  seeds,  and  they  can  not 
be  put  on  the  market  at  the  same  prices  as  the  cheap  product  of  a  careless  grower. 
The  more  general  use  of  high-grade  seed  would  do  much  to  remove  the  complaint 
about  poor  seed.  This  sentiment  in  favor  of  better  seed  is  one  that  the  seed-testing 
station  can  foster,  and  a  demand  for  good  seed  ought  to  be  the  logical  result  of  the 
proper  presentation  of  the  station  tests.  I  believe  that  the  publication  of  these  tests 
should  accomplish  two  objects.  First,  they  should  show  what  firms  habitually  sell 
seed  that  is  inexcusably  poor  or  that  has  been  adulterated.  The  publicity  that  would 
be  given  to  these  tests  would  inevitably  drive  these  firms  out  of  business  or  compel 
them  to  reform  their  ways.  The  other  object  of  these  publications  should  be  to 
arouse  a  demand  for  good  seed,  and  to  show  buyers  how  seed  must  be  judged. 
Much  ignorance  and  misapprehension  exist  on  this  point.  The  value  of  a  lot  of 
seed  is  not  determined  by  its  price  per  pound  or  bushel,  but  by  the  cost  of  the  pure  and 
germinable  seed.  Too  many  of  our  farmers  buy  seed  with  an  eye  to  apparent  cheap- 
ness rather  than  to  quality.  They  should  rather  ask :  Where  can  I  buy  a  certain  per 
cent  of  pure  and  good  seed  for  the  least  money?  It  is  certainly  legitimate  to  get  the 
most  possible  for  the  money  expended,  but  it  is  not  wise  to  buy  the  cheaper  of  two 
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samples  of  unknown  quality,  thinking  that  money  is  saved  thereby.  It  is  more 
likely  lost.  The  following  examples  illustrate  this  point,  and  also  a  method  of  pre- 
senting the  results  of  tests,  that  will  show  what  the  farmers  sometimes  lose  in  dollars 
and  cents  by  buying  low-priced  seed. 

Among  the  samples  tested  the  past,  season  were  two  from  Ohio,  one  of  Kentucky 
blue  grass  and  one  of  redtop.    The  Kentucky  blue  grass  had  an  actual  value 


chased  contained  5.84  pounds  of  pure  and  germinable  seed.  The  seed  weighed  10.75 
pounds  per  bushel,  which  gives  9.3  bushels  per  100  pounds.  The  price  paid  was 
|1.10  per  bushel,  or  $10.23  per  100  pounds.  Now,  100  pounds  of  the  seed  as  bought 
contained  only  5.84  pounds  of  good  seed,  which  cost  the  very  respectable  sum  of 
$1.75  per  pound.  At  the  same  time  the  wholesale  price  of  fancy  cleaned  was  7  cents 
per  pound.  Our  standard  is  45  per  cent  for  actual  value,  and  most  of  this  quality 
will  test  much  higher.  At  45  per  cent  actual  value,  however,  the  pure  and  germin- 
able seed  costs  15.5  cents  per  pound,  while  the  sample  mentioned  cost  more  than 
eleven  times  as  much. 

The  redtop  tested  had  an  actual  value  of  10.48  per  cent,  the  price  paid  being  II."1 0 
per  bushel.  The  same  calculation  as  made  for  the  blue  grass  showed  that  the  cost  of 
pure  and  germinable  seed  was  81.6  cents  per  pound.  An  extra  fancy  article  at  the 
apparently  high  price  of  $5  per  bushel,  and  testing  85  per  cent  actual  value,  really 
costs  but  17.6  cents  per  pound.  Of  course  the  loss  in  the  price  of  the  seed  is  by  no 
means  the  most  important  item.  The  use  of  the  land  for  the  season  and  the^weed 
seeds  sown  are  all  large  factors;  but  many  a  farmer  who  would  not  think  far  enough 
to  be  influenced  by  these  arguments  would  be  impressed  by  figures  showing  the 
immediate  cash  saving  in  the  purchase  of  high-grade  seeds.  So  long  as  farmers  con- 
tinue to  sow  poor  seeds  they  will  suffer  disppointment,  and  when  they  sow  the 
tailings  of  clover  seed  they  need  not  wonder  why  their  fields  are  so  weedy. 

I  do  not  want  to  be  understood  to  urge  the  purchase  of  seed  because  it  is  high 
priced,  but  I  do  believe  that  the  purchase  of  seed  because  it  is  low  priced  is  one  of 
the  greatest  mistakes  a  farmer  can  make.  What  we  need  is  a  sentiment  in  favor  of 
better  seeds.  Such  a  sentiment  will  react  favorably  on  the  farm  and  garden,  and  in  no 
way  can  it  be  so  effectually  aroused  as  by  the  work  of  the  State  experiment  stations. 

Much  has  been  said  about  the  rascally  seedsman,  and  there  are  frauds  in  the  seed 
trade,  and  in  high  places,  too,  but  not  enough  emphasis  has  been  placed  upon  the 
careless  buyer.  There  are  plenty  of  honest  seedsmen  who  would  no  more  know- 
ingly deceive  a  customer  than  any  other  reputable  merchant  would.  Many  of  these 
firms  now  keep  a  special  grade  of  seeds  which  they  urge  their  customers  to  buy,  but 
the  general  demand  for  a  cheap  article  compels  them  to  keep  that  also. 

The  demand  for  seed  of  known  value  will  mean  guaranteed  seed.  The  seeds- 
men claim  that  they  can  not  guarantee  a  crop,  and  this  is  true;  but  they  can  guar- 
antee a  certain  percentage  of  purity  and  germination,  especially  for  field  seeds,  and 
for  most  of  these  nothing  more  is  wanted.  The  demand  for  guaranteed  seed  should 
begin  at  once,  and  if  buyers  are  willing  to  pay  a  fair  price  for  a  good  article  I  have 
no  doubt  they  will  get  it.  I  believe  that  a  reasonable,  general,  and  persistent  demand 
for  guaranteed  seed  of  good  quality  will  be  met  by  the  responsible  members  of  the 
trade. 

That  seed  can  be  guaranteed  the  history  of  seed  testing  in  Europe  shows,  and 
that  this  is  essential,  if  a  demand  for  better  seed  is  to  be  productive  of  good  results, 
must  be  evident.  Without  a  guaranty  the  farmer,  however  anxious  to  get  good 
seed,  has  no  means  of  comparing  price  and  quality.  It  should  be  as  advantageous 
for  the  seedsman  as  for  the  farmer.  If  the  seedsman  could  show  that  his  clover 
guaranteed  to  test  85  per  cent  actual  value,  and  selling  at  $6.50  per  100  pounds,  is 
a  safer  investment  than  another,  not  guaranteed,  at  $5.50  per  100  pounds,  he  would 
benefit  at  once  his  reputation  and  his  trade.  Both  the  seedsman  and  the  farmer 
would  know  what  had  been  sold,  and  it  is  due  to  the  latter  at  least  that  if  he  is 
willing  to  pay  for  good  seed  he  be  not  asked  to  purchase  in  the  dark. 

Some  seedsmen  have  expressed  their  willingness  to  guarantee  the  purity  and 
germination  of  grasses  and  clovers,  though  unfortunately  this  announcement  does 
not  generally  appear  in  their  catalogues.  It  is  to  be  hoped  that  such  seedsmen  may 
soon  offer  guaranteed  seed  of  these  kinds  in  their  catalogues,  and  that  they  may 
meet  with  proper  support. 

That  guaranteed  seed  will  be  realized  if  it  is  wanted  we  believe,  because  reasonable 
demands  in  trade  are  always  met.  It  may  take  some  urging,  especially  if  the  seeds- 
men resist,  but  the  efforts  of  the  station  should  be  directed  to  showing  both  sides  the 
advantages  of  this  policy.  Many  farmers  now  buy  through  the  Grange,  and  here  is 
an  excellent  place  to  begin  this  work.    Let  the  Grange  ask  for  seed  of  known  quality, 


In  other  words,  100  pounds  of  seed  pur- 
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and  make  the  purchase  conditional  on  the  result  of  an  official  test  by  the  experiment 
station.  When  the  notion  that  seed  can  not  be  safely  guaranteed  has  once  been 
broken  it  will  only  need  a  vigorous  campaign  of  education  among  the  agricultural 
masses  to  make  guaranteed  seed  general.  This  is  not  the  place  to  discuss  the  details 
of  the  guaranty,  or  of  the  subsequent  procedure  in  cases  of  complaint.  We  have  at 
least  the  experience  of  the  European  stations  to  fall  back  upon,  and  at  the  proper 
time  this  Association  could  doubtless  make  the  necessary  rules  and  regulations. 

There  has  been  more  or  less  attempt  to  legislate  about  the  sale  of  seed,  with  what 
success  the  future  only  can  tell.  But  meanwhile  much  can  be  done  to  the  mutual 
advantage  of  buyer  and  seller  by  stimulating  a  demand  for  better  and  guaranteed 
seed,  and  by  pointing  out  what  the  essentials  of  good  seed  are.  Tf,  with  all  this, 
legislation  is  still  necessary,  there  will  be  some  hope  that  the  laws  enacted  will  be 
enforced,  because  an  intelligent  public  opinion  will  be  behind  them. 

A  paper  by  C.  E.  Coates,  jr.,  of  Louisiana,  from  the  Section  on  College  Work,  was 
read,  as  follows: 

The  Principles  Underlying  the  Formation  of  an  Agricultural  Course  in  the 

South. 

For  a  number  of  years  past  it  has  seemed  to  me  that  when  the  history  of  higher 
education  in  America  should  be  written  the  most  significant  feature  of  it  would  be 
the  founding  of  the  land-grant  colleges  in  1862.  It  is  not  my  purpose  to  discuss 
the  way  in  which  these  colleges  have  lent  crutches  to  education  in  the  South  and 
wings  in  the  West  in  the  days  gone  by.  The  services  they  have  rendered  need  no 
special  mention  before  this  gathering.  Nevertheless,  when  one  looks  into  the  details 
of  the  subject,  it  soon  becomes  curiously  apparent  that  in  1862  the  Great  Fathers  in 
Washington  not  only  builded  wiser  than  they  knew,  but  also  struck  a  mark  they  had 
not  aimed  at.  Although  these  colleges  were  established  especially  for  the  benefit  of 
agriculture  and  the  mechanic  arts,  it  is  only  within  the  past  few  years  that  either 
agriculture  or  mechanics  has  been  directly  benefited  to  any  considerable  extent. 
Even  now  the  attempt  to  materialize  the  original  ideals  of  Congress  may  be  said  to 
be  still  in  its  infancy.  This  has  not  been  due  to  the  lack  of  prophets  in  Israel,  to 
point  out  a  straight  and  narrow  way  of  agricultural  collegiate  development,  nor  yet 
to  a  lack  of  conscientious  endeavor  on  the  part  of  those  directly  in  charge  of  the 
work.  Still  the  opinion  prevails  to-day  that,  in  so  far  as  practical  results  are 
concerned,  while  the  college  may  have  been  a  success  the  course  itself  has  been  a 
failure.  It  is  true  that  sometimes  politics  and  incompetency  have  masqueraded  in 
the  academic  gown,  but  even  where  no  such  criticism  could  be  made,  and  where 
genuine  ability  was  shown,  both  in  the  office  and  in  the  class  room,  the  agricultural 
course  has  usually  been  numerically  unsuccessful.  In  some  cases  the  effort  has  been 
made  to  remedy  this  by  organizing  the  purely  agricultural  college.  I  can  not  believe 
that  this  really  meets  the  difficulty,  for  there  is  a  tendency  to  secure  numerical  suc- 
cess at  the  expense  of  a  truly  collegiate  standard;  but  whether  or  not  it  is  expedient 
opens  up  a  question  which  is  hardly  pertinent  to  the  subject.  Moreover,  numerical 
comparisons  are  not  either  fair  or  conclusive.  It  is  undoubtedly  true  that  even  in 
those  institutions  where  the  agricultural  students  proper  are  few  there  is  much  indi- 
rect agricultural  education  given  to  the  student  body  as  a  whole,  and  though  certain 
statistics  show  that  the  majority  of  those  students  who  eventually  become  planters 
have  not  taken  the  regular  agriculture  course,  it  by  no  means  follows  that  they  have 
not  received  some  agricultural  training. 

In  considering  the  subject  from  the  standpoint  of  a  teacher,  certain  accessory  fea- 
tures have  impressed  themselves  on  me,  and  while  they  may  not  have  to  do  directly 
with  formulating  a  course  of  study  they  still  bear  a  close  relationship  to  its  success. 
Before  treating  of  the  course  proper,  then,  I  shall  speak  of  these. 

While,  as  I  said,  the  mere  presence  of  an  agricultural  course  in  a  college  gives  a 
certain  training  to  the  whole  student  body,  it  would,  nevertheless,  doubtless  be  bet- 
ter, and  it  would  certainly  be  more  satisfactory,  were  more  planters  to  go  directly  to 
their  work  with  such  a  full  store  of  agricultural  information  and  such  an  interest  in 
modern  scientific  agricultural  methods  as  can  readily  be  given  in  an  agricultural 
course. 

There  are  several  reasons  why  this  is  not  so.  In  the  first  place,  when  a  student 
enters  college,  in  nine  cases  out  of  ten  he  is  not  competent  to  choose  his  own 
course.  His  knowledge  of  his  own  tastes  and  capabilities  is  usually  exceedingly 
imperfect,  and  it  rarely  happens  that  a  boy  of  16  forms  and  carries  out  his  final  plan 
of  life  work.  I  venture  to  say  that  in  the  majority  of  instances  the  freedom  to  elect 
any  course  he  wishes  is  a  positive  injury  to  a  young  student.  There  is  no  time  in  his  life 
when  more  direct  profit  can  be  derived  from  the  advice  of  an  older  man,  and  in  the 
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case — the  too  frequent  case — that  such  advice  has  not  been  given  by  the  father  or 
some  other  relative,  a  genuine  responsibility  falls  on  the  president  or  the  college  offi- 
cial to  whom  the  newcomer  is  referred.  It  is  here  that  the  real  sentiment  of  the 
college  may  make  itself  felt.  If  the  officials  have  an  honest  belief  in  the  course  of 
agriculture  a  little  quiet  advice  will  often  turn  a  planter's  son  from  dreams  of  law 
and  senatorial  dignity  to  equally  vivid  and  better-founded  dreams  of  the  enormous 
possibilities  of  Southern  land.  To  give  this  advice  requires  both  tact  and  a  knowl- 
edge of  human  nature,  but  some  advice  is  of  necessity  given,  and  a  deprecating 
attitude  on  the  part  of  the  college  president  or  the  professor  who  advises  will 
materially  injure  the  best  course  ever  planned.  No  agricultural  course  can  ever  hope 
to  be  thoroughly  successful  unless  those  in  charge  are  convinced  of  its  merits, 
and  are  willing  to  confess  their  faith  before  men.  And  I  think  that  particularly  with 
us  of  the  South  is  this  sympathetic  attitude  necessary  on  the  part  of  the  college 
authorities.  Our  traditions  of  agriculture  are  in  a  way  peculiar.  Those  of  our 
planters  who  are  themselves  college  bred  were  almost  always  trained  along  the  old- 
fashioned  classical  lines.  The  result  has  been  a  race  of  gentlemen — a  fine  type  of 
manhood — whose  tendency  was  to  leave  the  details  of  plantation  management  to 
overseers,  and  who  looked  upon  small  economics  as  allies  to  small  breeding.  To-day 
these  men  manage  their  own  places  and  practice  these  very  economies,  but  behind  it 
all  there  lies  deep-rooted  love  for  the  old  order,  and  so  the  sons  follow  the  educa- 
tional footsteps  of  the  fathers. 

It  is  not  always  possible  to  convince  one  of  these  gentlemen  that  scientific  training 
is  far  from  being  opposed  to  culture,  and  it  often  happens  that  an  agricultural  course 
is  condemned  a  priori  because  of  the  very  science  which  is  a  necessary  part  of  its 
existence,  and  that  by  those  who  would  most  profit  by  it.  I  say  nothing  of  the  con- 
servatism of  the  average  farmer  of  relatively  little  education.  Time  and  the  farmers' 
institute  are  leveling  this  obstacle,  and  everyday  sees  more  farmers  who  want  to  send 
their  sons  to  college.  The  main  difficulty,  I  take  it,  lies  in  the  fact  that  the  farmers' 
boys  who  come  to  college  can  usually  choose  their  own  course,  and  do  usually  choose 
something  other  than  agriculture.  Now,  in  my  experience  I  know  of  no  keener 
critics  than  college  students  as  a  body.  Their  judgment  of  men.  and  things  may  be 
hasty  and  one-sided  at  a  given  moment,  but  in  the  long  run  this  judgment  is  apt  to 
be  correct.  When,  therefore,  a  course  of  study  is  not  a  success  the  cause  is  more 
than  likely  to  lie  with  the  course  itself,  and  this  is  especially  true  of  agricultural 
courses.  Here  we  have  a  new  idea — scientific  agriculture  calling  for  an  encyclopaedic 
mass  of  information  at  every  turn,  resting  upon  all  the  sciences  and  upon  each  equally, 
calling  upon  the  arts  to  give  that  self-sufficiency  which  alone  can  solve  the  personal 
equations  involved  in  rural  isolation,  needing  here  statistics  to  read  the  future  and 
there  history  to  profit  by  the  past.  All  these  things,  and  more,  were  to  be  crowded 
into  the  head  of  the  docile  candidate  for  graduation,  until — 

-x-    *    *    "the  wonder  grew, 
That  one  small  head  could  carry  all  he  knew." 

Then,  too,  there  is  the  idea  of  scholarship.  The  conception  has  prevailed,  and  still 
prevails  in  many  places,  that  the  scholar  was  absolutely  dependent  on  the  so-called 
liberal  studies,  and  the  feeling  is  widespread  that,  as  a  college  training  is  as  much  to 
develop  character  as  to  instruct,  any  college  course  should  aim  at  turning  out  a  well- 
rounded  man.  1  do  not  take  issue  with  this  idea,  and  yet  to-day  more  than  ever  the 
true  university  is  a  collection  of  books — books  which  the  poorest  can  possess  if  he 
has  but  the  desire.  But  be  the  position  true  or  false,  history  teaches  in  unmistakable 
signs  that  material  prosperity  must  precede  pure  culture  for  culture's  sake.  Through- 
out the  South  we  need  prosperity.  Though  the  country  as  a  whole  has  made  almost 
miraculous  progress,  it  is  rich  only  in  memories,  and  its  main  heritage  is  this  very 
culture.  You  would  not  give  a  silk  dress  to  a  starving  woman,  and  what  we  want 
now  is,  first  of  all,  bread  and  meat  or  the  means  of  earning  it.  An  agricultural  course 
is  primarily  a  technical  course.  Those  who  choose  it  know  this  well,  and,  at  any 
rate  for  the  present,  they  may  be  safely  left  to  secure  their  culture  in  their  own  homes. 
And  yet,  even  with  a  knowledge  of  the  danger  run,  the  tendency  is  to  crowd  so  much 
into  such  a  course  that  it  ends  in  making  everything  superficial.  This  the  student 
body  will  soon  repudiate,  while,  on  the  other  hand,  it  will  equally  repudiate  the 
course  which  is  so  easy  as  to  be  the  natural  refuge  of  all  the  weaklings  in  college.  It 
must  never  be  forgotten  that  in  the  South  the  student  of  necessity  looks  upon  an 
agricultural  course  as  a  professional  course,  which  ought  to  lead  him  to  a  means  of 
earning  his  living  immediately  after  graduation,  or,  in  other  words,  to  a  job.  This 
attitude  may  not  be  aesthetic,  but  it  is  none  the  less  a  fact  to  be  dealt  with.  The  suc- 
cess cf  half  a  dozen  agricultural  graduates  in  obtaining  good  positions  will  do  more 
to  encourage  men  to  enter  the  agricultural  course  than  any  amount  of  sermonizing. 
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How,  then,  can  a  successful  course  be  formulated?  In  my  judgment  the  question 
is  one  which  can  be  answered  only  by  a  careful  study  of  two  things.  First,  and 
most  important,  is  the  local  environment.  Second,  and  of  subsidiary  importance,  is 
the  theoretical  nature  of  an  agricultural  course — what  the  ideal  course  should  be. 
I  say  of  subsidiary  importance  because  I  believe  it  is  essential  to  mold  the  course 
upon  this  environment,  and  to  follow  old  Horace  in  adjusting  ourselves  to  circum- 
stances, not  circumstances  to  ourselves.  In  mathematics  or  in  the  classics  we  have 
the  experience  and  the  experiments  of  hundreds  of  years  to  guide  us.  In  agriculture  we 
enter  ' '  a  realm  unknown,  untrod  save  by  morn  and  eve  and  the  angels  of  God. ' '  There 
is  here  no  well  worked  out  sequence  of  educational  cause  and  effect.  All  the  text- 
books are  yet  in  the  formative  stage,  and  how  to  introduce  to  best  advantage  the 
laboratory  or  experimental  method  is  still  a  matter  of  discussion.  This  difficulty 
can  be  met  only  by  making  these  experiments  themselves  the  object  of  experiment, 
and  by  watching  untiringly  the  effects  of  each  detail  upon  the  students.  The  course 
should  be  subject  to  constant  revision,  and  whenever,  after  a  conscientious  trial,  one 
part  of  it  seems  to  fail  of  its  object,  that  part  should  be  changed.  This  has  been 
our  constant  care  in  Louisiana,  and  for  the  last  six  years  hardly  a  year  has  passed 
without  our  making  some  alteration,  having  in  mind  one  fundamental  principle — to 
turn  out  graduates  who  should  be  best  equipped  to  meet  the  agricultural  conditions 
which  prevail  in  our  State.  We  have  not  yet  reached  our  ideal,  and  are  still  open 
to  conviction,  but  there  has  been  one  significant  result  to  our  work,  and  that  is  this: 
the  percentage  of  men  choosing  the  agricultural  course  has  steadily  increased  year 
by  year.  During  the  session  of  1894-95,  18  per  cent  of  the  college  students  at  the 
Louisiana  State  University  were  taking  this  course.  During  the  past  session  28  per 
cent  took  it,  thus  showing  a  gain  of  over  55  per  cent  in  five  years.  As  seven  full 
courses  are  offered,  including  both  classical  and  engineering,  28  per  cent  for  one 
course  would  seem  to  argue  that  it  was  meeting  with  distinct  favor. 

If,  then,  it  is  allowed  that  these  figures  establish  practical  success,  upon  what 
principles  has  it  been  established?  I  have  endeavored  to  take  this  up  somewhat 
more  broadly  than  from  our  local  standpoint,  and  have  drawn  up  from  a  number  of 
college  catalogues  a  comparative  table  of  the  courses  in  agriculture  actually  offered 
by  each  of  the  Southern  institutions,  and  by  several  of  the  North  and  West.  Upon 
examination  this  table  seems  to  show  in  the  South  two  distinct  systems  on  the  part 
of  the  college  authorities — that  of  the  manual  training  school  and  that  of  the  college. 
The  first  system  is  based  on  the  following  ideas: 

The  student  is  to  be  a  farmer.  Hence  he  should  know  how  all  the  farm  operations 
are  actually  carried  out.  The  farmer  is  frequently  called  on  to  repair  a  building  or 
a  piece  of  simple  machinery;  hence  he  should  be  a  fair  carpenter  and  a  blacksmith. 
The  plow  and  the  hoe  are  often  misused;  hence  he  should  have  practical  skill  in  their 
proper  use.  He  should  be  able  to  prescribe  for  a  sick  animal;  to  construct  and 
operate  a  model  dairy;  to  plant,  prune,  bud,  and  graft  an  orchard;  to  breed  his  own 
stock;  to  irrigate  and  to  drain;  and  in  each  of  these  lines  he  should  be  a  skilled 
mechanic  in  so  far  as  a  four  years'  college  course  can  make  him  such.  This  end 
being  reached,  any  remaining  time  can  be  devoted  to  the  pure  sciences  and  to 
letters. 

Now,  I  willingly  grant  that  the  South  needs  all  the  mechanics  of  any  kind  she 
can  get,  and  may  they  increase  and  multiply.  Nevertheless,  there  are  several  objec- 
tions to  this  plan  of  education.  In  the  first  place,  the  necessity  for  becoming  skillful 
in  so  many  lines  may  possibly  produce  the  jack-of-all-trades  who  is  master  of  none, 
but  it  certainly  makes  such  demands  on  the  time  available  that  it  is  an  absolute 
impossibility  to  teach  properly  the  sciences  on  which  these  technical  applications 
are  based.  The  end  aimed  at  is  most  excellent,  yet  I  believe-  that  it  is  better  and 
more  easily  reached  by  the  short  course  in  agriculture,  and  perhaps  best  of  all  by 
such  methods  as  those  employed  in  the  agricultural  high  schools  in  Europe  and  in 
Minnesota. 

Technical  instruction  in  agriculture  is  based  on  an  ideal,  but  surely  it  is  not  the 
ideal  which  should  guide  those  planning  a  college  course  in  scientific  agriculture. 
This,  I  take  it,  should  be  to  train  men  who  shall  lead  scientific  thought  in  agricul- 
ture, who  shall  become  centers  of  scientific  education  in  agriculture,  who  shall 
eagerly  keep  abreast  with  scientific  progress  in  agriculture,  and,  above  all,  who  shall 
be  capable  of  self-development  in  scientific  methods  in  agriculture,  or,  in  other  words, 
men  wdio  shall  work  with  their  brains  rather  than  with  their  hands.  The  particular 
methods  by  which  all  this  may  be  accomplished  will  probably  vary  in  different 
localities  even  in  the  South,  but  they  should  be  based  on  the  following  principles: 

(1)  The  science  of  agriculture  depends  on  a  clear  knowledge  of  chemistry,  botany, 
zoology,  and  physics.  Hence  these  subjects  must  be  mastered  before  the  principles 
of  agriculture  can  be  properly  understood. 
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(2)  The  conditions  of  preliminary  training  in  English  in  the  South  make  at  least 
two  years'  college  work  in  English  requisite — best  the  first  two  years. 

(3)  On  account  of  the  number  of  scientific  subjects  necessary,  and  their  interde- 
pendence, the  sequence  in  which  they  are  taken  should  be  so  arranged  as  to  bring 
about  the  greatest  degree  of  efficiency  in  their  teaching.  Hence  elective  courses, 
when  permitted,  should  be  carefully  guarded. 

(4)  While  a  knowledge  of  French  and  German  would  be  highly  desirable,  the 
number  of  sciences  absolutely  indispensable  in  agriculture  is  so  great  as  to  make  it 
impossible  to  give  in  addition  a  practical  reading  knowledge  of  either  language. 
Hence  they  should  not  be  required.  This  same  principle  will  apply  to  certain  culture 
subjects,  such  as  psychology,  ethics,  etc. 

(5)  Agricultural  industries  are  so  varied  in  their  character  that  the  average  man 
can  not  hope  to  be  master  of  more  than  one  or  two,  nor  should  any  course  aim  at 
turning  out  universal  experts.  Hence  in  the  final  year  the  student  should  be  given 
an  opportunity  to  specialize  in  that  particular  field  of  agricultural  industry  which  he 
may  elect,  This  is  made  all  the  more  expedient  by  the  general  tendency  to  special- 
ization in  agriculture,  as  illustrated  in  truck  farming  and  dairying,  and  in  the  raising 
of  cotton,  cane,  rice,  and  tobacco. 

(6)  The  climatic  conditions  of  the  South  make  it  necessary  to  lay  particular  stress 
on  economic  entomology  and  on  economic  botany  or  mycology. 

In  order  that  I  may  not  exceed  my  time  limit  I  have  endeavored  to  formulate  a 
definite  course  in  accordance  with  these  principles.  It  is  not  quite  like  any  I  have 
seen,  and  is  as  follows: 

PROPOSED  COURSE  OF  STUDY. 


First  year. 


Hours. 

English   5 

Algebra  and  geometry   5 

Zoology   5 

Mechanical  drawing  4 

Zoological  laboratory   6 


English   5 

Trigonometry   5 

Descriptive  botany   5 

Mechanical  drawing  „   4 

Botanical  laboratory   6 


Second  year. 


English   3 

General  chemistry   3 

Entomology   3 

Physics   3 

Chemical  laboratory   4 

Entomological  laboratory   4 

Mechanical     workshop  —  carpentry, 

blacksmithing   6 


English   3 

General  chemistry   3 

Surveying  and  road  building   3 

Physiological  botany.   3 

Physics   3 

Chemical  laboratory   4 

Field  surveying   4 

Botanical  laboratory   2 


Third  year. 


Agriculture — soils,  fertilizers,  drains, 

irrigation   5 

Organic  chemistry   3 

Economic  entomology   2 

Veterinary  hygiene   3 

Qualitative  analysis   6 

Entomological  laboratory   4 


Agriculture — tillage,  study  of  specific 

crops,  cotton,  cane,  rice,  etc  5 

Organic  chemistry   3 

Economic  botany,  mycology   2 

Veterinary  hygiene   3 

Quantitative  analysis   6 

Botanical  laboratory  4 


Fourth  year. 


Law  of  contracts  and  titles   2 

Agriculture — stock  breeds  and  breed- 
ing 5 

Horticulture   3 


Management  of  estates,  markets,  sta- 
tistics 2 

Agriculture — stock  feeding  5 

Horticulture  '-  3 


Six  hours  elective  in  any  of  the  following  subjects:  Chemistry,  veterinary  science, 
dairying,  entomology,  geology,  mycology,  expert  culture  of  fruits,  vegetables,  cotton, 
rice,  sugar,  tobacco. 

Two  hours  of  laboratory  work  have  been  reckoned  as  equivalent  to  one  hour  of 
class  work.  On  this  basis  there  are  twenty  hours  per  week  in  the  first  year,  nineteen 
in  the  second,  eighteen  in  the  third,  sixteen  in  the  fourth. 
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The  first  two  years  are  devoted  to  work  which  is  for  the  most  part  purely  scien- 
tific, and  not  essentially  agricultural.  It  aims  at  giving  the  basic  instruction  in  gen- 
eral chemistry,  physics,  zoology,  and  botany.  For  this  reason  it  would  attract  men 
who  wish  to  study  "medicine,  or  to  specialize  in  some  scientific  line,  and  by  increasing 
the  size  of  the  class  would  lend  to  the  course  the  prestige  which  numbers  give. 

In  the  third  year  the  studies  are  specifically  agricultural.  Under  the  head  of  agri- 
culture itself,  soils  are  studied  from  both  the"  chemical  and  the  physical  standpoints, 
and  their  drainage,  irrigation,  tillage,  and  fertilization,  and,  finally,  the  most  important 
crop  of  the  State,  are  taken  up  in  detail.  In  organic  chemistry  the  illustrations  are 
drawn  as  far  as  possible  from  agricultural  sources.  The  laboratory  work  is  sufficient 
to  teach  the  principles  of  qualitative  and  quantitative  analysis,  but  it  is  not  sufficient 
to  make  a  skilled  analyst  out  of  the  student.  It  serves,  however,  to  teach  him  what 
an  analysis  really  means,  and  how  chemical  calculations  are  carried  out  practically. 
In  the  economic  entomology  the  various  insect  pests  are  collected,  their  life  histories 
studied,  and  the  logical  methods  for  their  extermination  worked  out,  while  under 
the  head  of  mycology  the  fungi  are  treated  in  the  same  way.  The  instruction  is 
given  in  the  field,  laboratory,  and  class  room,  and  affords  an  excellent  opportunity 
to  illustrate  the  difference  between  real  applied  science  and  the  thing  which  so  often 
masquerades  in  its  guise. 

The  course  in  veterinary  hygiene  is  intended  to  emphasize  the  point  that  the  care 
of  animals  as  well  as  of  men  is  subject  to  the  ordinary  laws  of  sanitation.  The  stu- 
dent is  taught  the  best  means  for  preventing  disease  among  stock,  and  how  to  behave 
when  disease  actually  appears. 

If  the  work  outlined  for  the  third  year  be  examined  carefully,  it  will  be  observed 
that  the  student  studies  nothing  for  which  he  has  not  received  definite  previous 
preparation.  This  is  an  essential  feature  to  any  course,  and  one  particularly  diffi- 
cult to  adjust  satisfactorily. 

In  the  fourth  and  final  "year  a  course  is  given  in  the  general  law  of  contracts  and 
titles,  as  well  as  upon  the  management  of  estates,  and  the  study  of  markets  and  sta- 
tistics. Under  agriculture  are  treated  the  breeds  of  stock,  stock  feeding,  and  stock 
breeding.  The  enormous  importance  of  this  industry  and  its  rapid  growth  through- 
out the  South  necessitate  the  time  devoted  to  its  study.  These,  and  a  general  course 
in  horticulture,  are  the  only  studies  compulsory.  The  remaining  work  is  elected 
from  a  list  of  subjects  which  can  be  contracted  or  expanded  as  circumstances  demand. 
A  student  electing  any  one,  or  even  two  of  these,  has  now  the  proper  preparation  to 
begin  to  make  an  expert  of  himself,  as  it  were.  This  elective  work  is  under  the  per- 
sonal supervision  of  the  instructor  in  whose  department  it  lies,  and  approximates  to 
true  university  work  in  the  line  chosen.  The  student  is  not  confined  to  a  text-book, 
but  gathers  his  information  wherever  it  can  be  found,  in  bulletins,  in  journals,  in 
works  of  reference,  from  lectures  if  advisable,  and  the  whole  is  knitted  together  by 
analytical  work  or  by  experiments  in  the  field  and  laboratory.  For  instance,  the 
student  has  in  mind  a  position  on  a  large  sugar  plantation.  He  would  naturally 
elect  in  his  senior  year  chemistry  and  the  special  cultivation  of  cane.  Another 
wishes  to  run  a  truck  farm  and  grow  early  fruit  and  vegetables  for  the  Northern 
market,  Such  a  one  would  probably  elect  horticulture  and  entomology  or  mycology, 
according  to  the  advice  of  the  professor  of  horticulture. 

Taken  as  a  whole,  this  scheme  of  studies  would  seem  to  be  sufficiently  elastic  to 
meet  our  demands  in  the  South,  and  I  believe  the  underlying  idea  to  be  sound. 
Naturally  it  would  be  modified  more  or  less  in  each  institution  to  meet  specific  needs. 
For  instance,  the  Audubon  Sugar  School,  which  is  a  department  of  the  Louisiana 
State  University,  was  established  to  meet  the  demands  in  the  State  for  men  suffi- 
ciently skilled  in  chemistry,  agriculture,  and  mechanics  to  take  charge  both  of  the 
growing  of  cane  and  the  making  of  sugar.  To  introduce  the  requisite  amount  of 
mathematics  and  mechanics  it  was  found  necessary  to  model  an  entirely  new  course, 
running,  practically,  for  five  years. 

As  to  what  our  graduates  do  after  they  graduate,  that  is  another  story.  Hitherto 
most  of  them  have  found  immediate  employment  in  experiment-station  work,  or 
have  been  snapped  up  by  sugar  planters,  while  some  have  studied  medicine.  None 
have  had  any  difficulty  in  finding  employment,  and  the  demand  has  always  exceeded 
the  supply.  In  my  judgment  this  demand  is  steadily  increasing.  The"  idea  of  an 
educated  plantation  manager  trained  in  scientific  agriculture  is  new  in  the  South, 
and  has  to  overcome  the  inertia  of  country  conservatism,  but  the  sugar  planters  have 
started  the  ball  rolling,  and  some  of  the  large  cotton  plantations  are  trying  to  follow 
their  lead.  Not  long  ago  one  of  our  largest  cotton  planters  told  me  he  would  gladly 
pay  $4,000  per  year  to  a  man  competent  to  take  charge  of  a  couple  of  his  plantations. 
With  the  house  and  other  perquisites  this  salary  amounted  virtually  to  over  S5,000. 
Of  course  the  proper  man  would  have  to  possess  business  ability  and  a  knowledge  of 
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how  to  handle  negro  labor,  and  no  college  course  could  guarantee  these  qualifications. 
Every  young  man  would  have  necessarily  to  win  his  spurs,  and  yet  this  is  but  one  of 
the  openings  that  lie  before  our  agricultural  graduates.  Finding  such  a  position  is, 
of  course,  like  finding  a  good  position  in  any  other  line  of  work,  nor  can  a  student 
expect  to  doff  the  cap  and  gown  and  step  to  the  top  of  the  ladder  at  one  stride. 

Gentlemen,  the  hills  of  this  fair  State  bear  in  their  bosoms  many  a  mine  of  gold, 
but  all  the  gold  of  California  is  but  a  bagatelle  compared  with  that  which  is  locked 
up  in  the  alluvial  land  of  the  Mississippi  Valley.  Agriculture  in  the  South  presents 
to-day  unlimited  opportunities  to  him  who  is  able  to  grasp  them,  and  I  firmly  believe 
that  this  ability  can  be  best  attained  through  the  medium  of  a  college  course  in  agri- 
culture. And  yet,  I  believe  even  more  firmly,  if  possible,  that  in  molding  such  a 
course  there  should  be  kept  well  in  mind  the  experience  of  the  whole  world  in 
applied  science,  which  is  that  the  most  successful  practice  follows  close  in  the  wake 
of  the  purest  theory. 

S.  M.  Emery,  of  Montana,  chairman  of  a  committee  appointed  for  the  purpose 
(see  p.  54) ,  reported  a  series  of  resolutions  which  tendered  the  earnest  thanks  of  the 
Association  to  the  various  citizens,  officials,  organizations,  railroad  and  telephone  com- 
panies, business  firms,  and  the  press  of  the  city  of  San  Francisco  and  the  State  of 
California  for  the  notable  courtesies  and  privileges  received  at  their  hands,  and 
expressed  the  Association's  appreciation  of  "  the  faithful  and  efficient  administration 
of  the  president  of  the  Association,  Prof.  H.  P.  Armsby,  and  of  the  arduous  labors 
of  the  other  officers  of  the  Association." 

These  resolutions  were  unanimously  adopted  by  a  rising  vote  and  the  secretary 
was  instructed  to  furnish  a  suitable  copy  of  the  same  to  the  organizations  and  indi- 
viduals therein  named. 

M.  E.  Jaffa  outlined  the  programme  for  the  proposed  excursions.     (See  p.  110.) 

C.  S.  Murkland.  I  move  that  the  committee  appointed  to  prepare  a  collective 
stations  exhibit  for  the  Paris  Exposition  be  authorized  to  expend  a  sum  not  exceed- 
ing $150  for  the  purposes  of  that  exhibit. 

The  motion  was  carried. 

S.  M.  Emery  moved  "  that  a  committee,  consisting  of  President-elect  J.  E.  Stubbs, 
of  Nevada;  M.  H.  Buckham,  of  Vermont;  J.  K.  Patterson,  of  Kentucky;  W.  A.  Henry, 
of  Wisconsin;  and  H.  H.  Goodell,  of  Massachusetts,  be  appointed  to  consider  the 
revision  of  the  constitution  of  the  Association  and  report  at  the  next  convention;  also 
that  the  appointment  of  this  committee  be  accepted  by  this  Association  as  due  notice 
of  any  changes  said  committee  may  recommend." 

In  support  of  this  motion  President  Emery  said:  ' '  This  constitution  was  adopted  at 
the  birth  of  the  Association,  some  thirteen  years  ago.  No  material  change  has  been 
made  in  it  since  that  time,  and  that  might  prove  one  of  two  things;  that  is,  that  the 
constitution  was  good  enough,  so  that  it  did  not  need  doctoring;  or  that  it  was  impos- 
sible to  change  it.  Now  I  believe  that  the  interests  of  this  Association  demand  that 
the  matter  be  put  in  the  hands  of  a  committee,  and  that  they  consider  it  and  present 
the  matter  to  the  next  meeting.  There  is  a  strong  feeling  in  this  body  that  under 
this  constitution  the  Asssociation  is  not  flourishing  as  it  should.  That,  in  brief,  is  my 
reason  for  offering  this  resolution  and  advocating  its  passage." 

The  motion  was  carried. 

The  convention  then  adjourned  sine  die. 


MINUTES  OF  THE  SECTIONS. 


SECTION  ON  COLLEGE  WORK. 

Meetings  of  this  section  were  held  in  the  parlors  of  the  Occidental  Hotel  during  the 
afternoons  of  Thursday  and  Friday,  July  6  and  7,  1899.  In  the  absence  of  the  regu- 
lar officers,  J.  K.  Patterson,  of  Kentucky,  and  H.  E.  Stockbridge,  of  Florida,  were 
chosen,  respectively,  temporary  chairman  and  secretary.  W.  J.  Spillman,  of  Wash- 
ington, led  in  a  discussion  of  the  subject  of  "The  short  dairy  course."  The  papers 
by  W.  M.  Liggett,  of  Minnesota,  on  "Agricultural  education,  practical  and  scientific," 
and  by  C.  E.  Coates,  jr.,  of  Louisiana,  on  "The  principles  underlying  the  forma- 
tion of  an  agricultural  course  in  the  South,"  presented  in  this  section,  were  read 
before  the  general  session  of  the  convention  (see  pp.  43,  59) .  A  paper  by  J.  H.  Ray- 
mond, of  West  Virginia,  on  "University  extension  in  agriculture,"  was  followed  by 
general  discussion  which  showed  the  importance  and  increased  interest  of  this  sub- 
ject among  college  workers.  J.  E.  Stubbs,  of  Nevada,  introduced  the  following  reso- 
lution, which  was  unanimously  adopted: 

Resolved,  That  the  Section  on  College  Work  recommends  to  the  executive  commit- 
tee of  the  Association  and  to  the  officers  of  this  section  that  the  annual  programme  of 
the  College  Section  include  subjects  pertaining  to  administration,  organization,  and 
instruction  in  the  colleges  of  agriculture  and  mechanic  arts. 

The  following  paper  was  received  from  I.  P.  Roberts,  of  New  York: 

The  Principles  Underlying  the  Formation  of  an  Agricultural  Course  in  the 

East. 

All  students  who  propose  to  take  a  full  course  in  any  college  of  agriculture  should 
be  required  to  give  good  evidence  that  they  have  had  superior  and  practical  training 
in  elementary  mathematics,  the  English  language,  and  the  handicraft  of  farming.  It 
is  humiliating  to  find,  often  as  late  in  the  student's  course  as  the  junior  or  senior  year, 
that  he  has  not  such  a  working  knowledge  of  the  principles  of  mathematics  as  is  given 
even  in  the  higher  arithmetics,  or  of  the  English  language  and  the  art  of  farming  as 
will  enable  him  to  work  with  accuracy  and  facility  along  these  several  lines  of  mental 
and  muscular  activity.  The  student  may  offer  higher  mathematics,  Latin,  German, 
French,  and  elementary  sciences  for  entrance,  but  if  the  foundation  studies  have  not 
been  thoroughly  mastered  in  the  secondary  schools  he  will  be  at  a  disadvantage 
throughout  his  entire  college  course. 

I  do  not  wish  to  suggest  here  any  change  in  the  methods  of  secondary  school 
instruction,  but  to  say  that  the  majority  of  students  enter  college  with  markedly 
inferior  preparation  in  elementary  mathematics  and  English,  and  until  this  is 
remedied  we  shall  fail  to  graduate  students  of  as  high  character  as  the  time  devoted 
to  college  work,  the  facilities  furnished,  and  the  expense  incurred  should  produce. 
Since  the  college  is  a  place  for  the  acquisition  of  principles  rather  than  technique,  it 
is  evident  that  very  little  time  can  be  spared  during  the  course  for  the  student  to 
acquire  facility  in  agricultural  handicraft.  Shall  the  student  be  graduated  without  at 
least  a  fairly  good  training  in  the  art  of  farming?  I  believe  we  are  making  a  mistake 
in  allowing  him  to  do  so,  and  I  trust  the  time  is  not  far  distant  when  students  will  be 
required  to  take  an  entrance  examination  in  practical  agriculture,  failing  in  which 
they  will  be  required  to  spend  at  least  one  vacation  on  the  farm  under  some  advanced 
farmer,  approved  by  the  professor  of  agriculture. 

Of  necessity,  the  amount  and  to  some  extent  the  kind  of  preparation  required  for 
entrance  by  the  several  colleges  should  be  varied  to  suit  the  secondary  schools,  but 
in  all  cases  the  step  from  the  school  to  the  college  should  be  natural  and  easy. 
There  should  be  no  gap  between  them,  and  the  college  should  allow  no  student  to 
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enter  the  four-year  or  undergraduate  course  without  presenting  evidence,  by  exami- 
nation or  diploma,  of  a  preparation  fully  adequate  to  the  standards  of  the  course. 

Many  of  the  best  informed  educators  now  believe  that  students  are  benefited  by 
spending  one  year  of  either  their  undergraduate  or  post-graduate  course  in  some 
other  institution  than  the  one  from  which  they  have  graduated  or  from  which  they 
propose  to  graduate.  If  this  be  so,  then  it  might  be  well  for  a  student  to  graduate 
at  some  smaller  college  near  his  home  and  afterwards  to  take  either  a  first  or  second 
degree  in  a  college  having  higher  entrance  requirements  and  more  extended  courses. 

It  is  evident  that  the  courses  of  study  in  the  various  colleges  can  never  be  made 
equally  extended  and  difficult ;  it  is  also  evident  that  students  who  have  thoroughly 
mastered  a  comparatively  few  subjects  in  a  four-year  course,  will  be  well  fitted  to 
carry  on  work  in  a  university  where  many  courses  are  offered. 

Formerly  college  instruction  was  practically  limited  to  the  ancient  languages, 
mathematics,  and  philosophy,  but  knowledge  has  now  become  so  extended,  so  tech- 
nical, and  so  complex  that  an  agricultural  course  can  not  well  be  formulated  on  the 
old  lines.  So  many  studies  may  be  pursued  in  the  technical  colleges,  in  fact  so 
many  are  desired,  that  it  is  difficult  to  avoid  covering  too  much  ground.  Such  a  mul- 
titude of  subjects  precludes  thoroughness  without  which  future  progress  becomes 
difficult  and  slow.  The  demand  is  for  better  education  and  better  farm  products  ; 
quality,  not  quantity,  is  at  a  premium. 

The  first  principle  underlying  the  formation  of  a  college  course  is  better  prepara- 
tion ;  the  second  is  undergraduate  work  of  a  better  quality  and  over  a  less  extended 
field,  even  if  many  valuable  subjects  have  to  be  left  out  of  the  college  course.  Of 
all  the  various  subjects  required  the  fundamental  ones  are  the  two  great  intellectual 
working  tools  of  life,  applied  mathematics  and  the  English  language.  These  must  be 
thoroughly  mastered  if  the  student  is  to  acquire  facility,  accuracy,  and  thoroughness. 

For  officers  of  the  section,  see  p.  48. 


SECTION  ON  AGRICULTURE  AND  CHEMISTRY. 

The  Section  on  Agriculture  and  Chemistry  met  in  the  Mills  Building,  Wednesday, 
Thursday,  and  Friday  afternoons,  July  5,  6,  and  7,  1899,  J.  L.  Hills,  chairman  of 
the  section,  presiding. 

The  chairman  stated  that  it  had  been  deemed  wise  to  give  especial  prominence  in 
the  programme  of  the  section  to  matters  relating  to  the  West— alkali,  irrigation, 
range  feeding,  etc.  He  regretted  that  illness  prevented  Dr.  Hilgard  from  leading  in 
the  discussion  on  alkali,  as  had  been  proposed. 

R.  H.  Loughridge,  of  California.  It  is  a  matter  of  keen  regret  to  Dr.  Hilgard  that 
he  has  been  unable  to  present  to  you,  either  in  person  or  by  paper,  the  results  of  his 
many  years  of  investigation  on  the  subject  of  alkali  as  affecting  this  State.  He  is 
foremost  among  all  scientists  in  the  study  of  this  subject,  In  order,  however,  that 
California  shall  not  be  unrepresented,  he  has  asked  me  to  present  a  few  of  the  main 
points  of  the  study  to  those  of  you  from  the  Eastern  States  who  are  unfamiliar  with 
alkali,  and  if  you  will  bear  with  me  for  a  short  while  I  will  endeavor  to  do  so. 

By  alkali  we  mean  the  water-soluble  salts,  resulting  from  the  disintegration  of 
rocks  and  soils  that  has  been  going  on  for  many  years.  It  comprises  the  carbonates, 
sulphates,  chlorids,  and  nitrates  of  the  alkalis,  but  chiefly  of  sodium,  the  phos- 
phates of  soda  sometimes,  together  with  salts  of  lime  and  magnesia.  In  arid  regions 
these  salts  accumulate  and  form  what  is  known  as  "  alkali."  Of  course,  these  solu- 
ble salts  occur  in  the  soils  of  the  Eastern  States  as  well,  but  the  abundant  rainfall 
prevents  their  accumulation  in  the  soil.  In  the  arid  region  the  alkali  salts  are  found 
in  all  soils,  but  in  variable  amounts.  In  some  localities,  as  hill  and  mesa  lands, 
we  find  only  1,200  pounds  per  acre  in  a  depth  of  3  feet.  Upon  the  valley  lands, 
which  receive  the  waters  of  the  hillsides  and  are  not  so  well  drained,  we  have  a 
greater  accumulation,  the  scanty  rainfall  of  less  than  20  inches  favoring  this  accumu- 
lation. The  sources  of  alkali,  then,  are  not  only  rock  disintegration  in  the  soil 
itself,  but  also  the  washings  and  leachings  from  the  hillsides.    Thus  in  some  of  our 
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lakes  we  have  strong  alkali  waters — in  Lake  Elsinore,  in  the  southern  part  of  the 
State,  103  grains  per  gallon.  Some  of  our  rivers  that  come  down  from  the  Sierras  are 
charged  with  alkali  salts.  The  Kern  River,  coming  from  the  Sierra  Nevada  into  the 
southern  part  of  the  San  Joaquin  Valley,  is  somewhat  charged  with  alkali,  and  the 
accumulation  of  the  salts  in  the  several  lakes  of  that  region  is  due  to  this  river  source. 
The  use  of  irrigation  water,  then,  either  from  a  river  or  from  lakes  charged  with 
alkali,  is  a  serious  menace  to  our  farming  interests;  it  means  the  ruin  of  our  lands. 
Thus  in  the  lower  portion  of  the  State  I  had  an  opportunity  not  long  ago  of  examin- 
ing orange  orchards  irrigated  by  the  alkali  water  from  Lake  Elsinore.  In  a  period  of 
only  three  years  the  soil  to  a  depth  of  3  feet  had  become  charged  with  about  15,000 
pounds  of  alkali  to  the  acre.  The  trees  were  suffering,  leaves  wrere  falling,  and  the 
damage  was  great.  The  orchardists  have  now  changed  the  method  of  irrigation  and 
we  hope  for  better  results. 

Of  course,  the  amount  of  alkali  in  the  soil  varies  everywhere,  even  within  short 
distances.  The  amount  found  by  us  in  localities  in  the  flat  lands  of  San  Joaquin 
Valley  has  been  as  much  as  72,000  pounds  in  a  depth  of  4  feet.  The  limit  of  depth 
of  alkali  in  our  State  has  from  our  examination  been  found  to  be,  in  general,  from  3 
to  4  feet.  We  seldom  find  it  below  that  except  upon  the  margins  of  the  lakes  and  in 
the  axes  of  the  valleys.  Hence  irrigation  water  has  to  be  used  with  caution.  If 
used  in  excess  t  here  is  danger  that  t  he  alkali  bed  or  hard  pan  will  be  reached  and 
dissolved  and  the  crops  injured  by  the  capillary  rise  of  the  alkali  water.  Therefore 
we  are  constantly  warning  farmers  not  only  against  alkali  water,  but  against  the 
excessive  use  of  water,  especially  on  lands  charged  with  alkali. 

Alkali  varies  greatly  in  composition  in  different  regions.  For  instance,  the  alkali 
of  the  Yellowstone  Park,  according  to  Government  reports,  is  largely  sulphates 
and  chlorids;  in  other  regions  the  carbonate  forms  a  prominent  element.  In  Cal- 
ifornia we  find  very  great  variation,  probably  greater  than  in  any  other  State,  and 
the  term  ''alkali"  is,  therefore,  a  very  indefinite  one  as  regards  its  composition. 
Sometimes  the  carbonate  of  soda  is  largely  in  excess  and  sometimes  it  is  almost 
absent,  and  similarly  the  other  salts  are  present  in  varying  proportions.  It  is  indefi- 
nite also  in  its  effect  upon  plants,  the  different  salts  that  compose  the  alkali  of  course 
showing  great  differences  in  this  regard;  the  carbonate  attacking  and  destroying  the 
tender  crown  of  roots  of  the  plants,  the  chlorid  also  seriously  affecting  plant  life 
while  the  sulphate  has  but  little  influence  upon  plant  growth  except  in  large  amounts. 
I  think,  then,  that  in  our  literature  or  reports  on  alkali  investigations  greater  care 
should  be  used  in  designating  the  character  of  the  alkali,  for  otherwise  they  will  be 
misleading.  Some  classification  should  be  adopted  by  which  these  differences  may 
be  readily  kept  in  mind;  and  I  would  suggest  black  alkali  when  carbonate  of  soda 
is  present  in  dangerous  amounts ;  white  alkali  when  the  sulphate  forms  the  chief  con- 
stituent ;  saline  alkali  when  the  chlorid  is  especially  prominent,  and  earthy  alkali  when 
the  magnesia  and  lime  salts  are  predominant,  as  is  the  case  with  the  sulphate  of 
magnesia  in  one  locality  in  the  upper  San  Joaquin  Valley.  In  our  California  Station 
reports  we  usually  employ  the  two  terms,  ' '  black  ' '  and  ' '  white  ' '  alkali,  for  the 
reason  that  our  farmers  have  largely  adopted  them.  They  recognize  only  these  two 
forms;  the  one  highly  destructive  to  plants  and  black  in  color  from  the  humus  dis- 
solved by  the  carbonate  of  soda,  the  other  white  and  not  so  much  to  be  feared.  The 
two  terms  ' 1  black ' '  and  ' '  white ' '  alkali,  are  very  good  so  far  as  they  go,  and  some 
such  distinguishing  terms  should  be  adopted,  for  "  black  alkali"  is  by  far  the  more 
serious  of  the  two. 

California  is  somewhat  unique  in  its  agricultural  conditions  and  topographical 
features,  and  I  will  as  briefly  as  possible  outline  some  of  them.  We  have  on  the 
eastern  side  the  high  Sierra  Nevada  Mountains;  on  the  west  we  have  the  mountains 
called  the  Coast  Range,  reaching  from  the  north  to  San  Francisco,  and  then  southward 
into  Mexico;  these  two  chains  uniting  on  the  north  near  Shasta  and  on  the  south  at 
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Tehachapi,  thus  having  between  them  our  central  valley  region.  That  agricultural 
valley  is  about  400  miles  in  length  and  60  wide  as  a  maximum.  It  is  quite  level 
throughout,  and  its  sediment  lands  often  come  sharply  up  against  the  mountains  on 
either  side,  showing  that  it  has  once  been  a  great  lake  bed.  The  Sierra  Madre,  a 
continuation  of  the  Coast  Range,  reaches  southward  into  Mexico,  separated  from  the 
coast  by  a  broad  mesa.  To  the  southeast  of  the  Sierra  occurs  the  Colorado  desert, 
at  one  point  of  which  the  depression  is  about  300  feet  below  the  level  of  the  sea. 
This  desert  is  largely  an  uninhabitable  and  uncultivable  country;  but,  on  the  Mohave 
plateau,  the  development  of  artesian  water  supply  has  opened  it  up  to  orchard  and 
other  growths.  Above  2,500  feet  the  Sierra  Nevada  is  mostly  too  high  and  too  rocky 
to  be  cultivable  except  in  small  localities.  On  the  northeast  we  have  the  lava-bed 
country,  utterly  unsuitable  for  cultivation  except  in  a  few  valleys.  The  Coast  Range, 
however,  is  largely  under  cultivation,  and  in  its  area  we  have  a  number  of  magnifi- 
cent and  productive  valleys  in  which  occur  large  varieties  of  soils.  Our  upper  foot- 
hill region  along  the  western  slope  of  the  Sierra,  at  an  elevation  of  2,000  feet  and  more, 
is  only  partly  under  cultivation;  it  is  almost  too  rocky  for  the  purpose.  Below  the 
elevation  of  2,000  feet  we  have  the  lower  foothills,  which  is  a  large  fruit  region.  The 
soils  are  very  rich  in  potash,  phosphoric  acid,  and  other  elements  of  fertility.  The 
soils  of  the  Great  Valley,  lying  between  the  two  great  mountain  ranges,  comprise  a 
large  variety,  from  black,  heavy  "adobe"  to  sandy,  from  well-drained  red  lands  to 
undrained  alkali  land,  with  all  intermediate  characteristics.  In  the  southern  part  of 
the  State  is  the  great  valley  of  southern  California,  known  as  the  ' '  citrus  region, ' ' 
ly  ing  between  mountain  ranges  trending  east  and  west,  closed  on  the  east  but  opening 
out  on  the  ocean  on  the  west. 

Such,  then,  is  California — a  broad,  central  region  or  valley,  high  mountains  on 
the  east,  lower  ranges  on  the  west  with  interior  valleys,  and  in  the  southern  part  of 
the  State,  (the  orange  region) ,  we  have  the  large  valley  of  southern  California  bounded 
by  mountains  on  either  side;  mesa  lands  of  the  coast  reach  thence  to  the  Mexican 
line. 

Now  the  alkali  is  chiefly  found  where  the  rainfall  is  less  than  20  inches,  which  we 
regard  as  marking  the  distinction  between  an  arid  and  a  humid  region.  It  occurs  in 
comparatively  small  areas  in  the  northern  part  of  the  State,  but  in  the  southern  half 
it  is  more  generally  distributed.  The  great  valley  is  divided  into  two  portions — the 
north,  or  Sacramento;  and  the  south,  or  San  Joaquin.  The  alkali  is  largely  confined 
to  this  latter  valley  and  to  the  southern  part  of  the  State,  where  the  rainfall  is  less 
than  20  inches,  and  to  such  valleys  in  the  interior  as  have  a  very  small  rainfall. 

We  find,  however,  by  examination  of  the  soils,  that  the  alkali  varies  in  composi- 
tion throughout  this  region.  Black  alkali  is  formed  wherever  the  conditions  are 
moist,  and  wherever  warmth  exists.  The  necessary  conditions  are  the  presence  of 
free  carbonic  acid  in  the  soil  and  excessive  warmth.  In  the  northern  or  Sacramento 
Valley  very  little  black  alkali  occurs.  At  a  point  near  Colusa,  not  far  from  Sacra- 
mento, we  find  a  little.  That  is  about  the  extreme  northern  point.  But  going 
south,  after  entering  the  San  Joaquin  Valley,  we  find  it  very  widely  distributed. 

Since  black  alkali  is  the  most  injurious  form,  and  is  so  largely  distributed  in  the 
State,  we  have  made  many  experiments  at  our  stations  regarding  its  reclamation  and 
its  effects  upon  plant  growth.  The  Australian  saltbush,  which  has  been  introduced 
by  our  station  from  Australia,  is  largely  grown  by  farmers  in  the  black  alkali  region, 
and  there  are  other  plants  tolerant  of  black  alkali.  The  reclamation  of  black  alkali 
lands  by  the  application  of  gypsum  has  been  carefully  studied  at  the  Tulare  Experi- 
ment Station,  which  was  chosen  for  that  special  purpose.  The  plat  was  a  barren  spot 
upon  which  nothing  grew,  but  by  the  use  of  gypsum  it  has  been  reclaimed,  and  now 
produces  fine  crops  of  barley,  wheat,  and  other  grains.  Farmers  upon  alkali  land 
in  that  section  now  use  gypsum  wherever  it  will  pay  them  to  do  so.  Of  course,  on 
very  strong  alkali  soils  they  may  regard  the  expense  of  gypsum  as  too  great,  but  large 
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farms  have  been  reclaimed  in  central  California  by  its  application.  The  rapidity  of 
action  of  the  gypsum  is  surprising.  Experiments  made  in  our  laboratory  show  that 
where  the  gypsum  is  in  sufficient  amounts,  and  moisture  is  present,  the  change 
occurs  within  twenty-four  hours.  Whether  it  would  occur  as  quickly  upon  land  I 
am  unable  to  say.  One  effect  of  black  alkali  is  to  puddle  the  soil,  producing  basin- 
like depressions  or  hogwallows.  These  are  frequently  observed  as  we  pass  south- 
ward toward  Bakersfield.  This  puddling  of  the  soil,  or  the  breaking  up  of  the 
flocculated  condition  of  the  soil,  is  one  of  the  most  serious  effects  of  black  alkali. 

The  white  alkali  (by  which  I  mean  that  which  is  largely  composed  of  sodium  sul- 
phate) is  represented  largely  in  the  upper  Sacramento  Valley.  There  is  a  large  tract 
of  almost  barren  country  on  the  west  side  of  the  Sacramento  known  as  "goose 
lands,"  on  which  water  stands  for  long  periods,  and  in  which  alkali  is  present  in  such 
amounts  that  vegetation  scarcely  grows. 

The  effect  of  white  alkali  upon  plants  is  shown  only  when  it  is  in  very  large 
amounts.  In  some  way  it  effects  the  growth — probably  by  the  dilution  of  the  regu- 
lar plant  food,  and  by  choking  up  the  cells  of  the  plant  and  preventing  the  rise  of 
sap.  Some  plants  will  withstand  20,000  pounds  of  white  alkali  per  acre,  when  they 
would  be  killed  by  2,000  pounds  of  black  alkali. 

Saline  alkali,  in  which  common  salt  is  excessive,  and  associated  with  the  sulphate, 
is  found  in  many  localities,  especially  in  southern  California,  and  causes  serious 
injury  to  crops.  Earthy  alkali,  composed  largely  of  magnesium  sulphate  and  nitrate, 
is  quite  a  feature  in  the  upper  part  of  the  San  Joaquin  Valley.  The  people  there 
regarded  the  deposit  as  black  alkali,  until  examination  showed  the  almost  utter 
absence  of  carbonate  of  soda  and  the  presence  of  a  large  amount  of  sulphate  of  mag- 
nesia. 

Magnesium  nitrate  is  quite  prominent  in  some  parts  of  California,  especially  in  the 
southern  part  of  the  State.  At  the  Pomona  Experiment  Station  magnesium  nitrate, 
combined  with  nitrate  of  soda,  is  a  common  constituent  of  the  soil,  to  the  extent  of 
about  2,000  pounds  per  acre,  in  the  surface  foot. 

The  character  of  the  native  vegetation  on  these  various  kinds  of  alkali  lands  has 
been  a  very  important  subject  of  investigation  at  the  California  Station,  and  prom- 
ises excellent  results.  This  work  has  been  undertaken  by  Mr.  Davy,  and  will  be  the 
subject  of  a  future  report. 

B.  C.  Buffum,  of  Wyoming,  read  the  following  paper: 

Recent  Investigations  by  the  Wyoming  Experiment  Station  in  Alkali  and 

Irrigation. 

Observations  on  the  effect  of  soil  salts  on  seed  germination  and  plant  growth  began 
at  the  Wyoming  Station  in  1892,  and  in  1893  seeds  were  planted  in  soils  containing 
different  amounts  of  salts.  In  the  winter  of  1895-96,  a  more  careful  experiment  was 
carried  out. 1  Since  that  time  our  station  staff  has  been  making  some  organized  effort 
along  this  line.  At  this  time,  and  as  briefly  as  I  can,  I  wish  to  bring  some  of  this 
recent  Avork  to  your  attention. 

After  demonstrating  the  fact  that  the  germination  of  seeds  was  retarded  or  even 
prevented  by  excess  of  soil  salts,  the  question  naturally  arose,  What  is  the  compara- 
tive effect  of  the  different  compounds  which  make  up  our  alkali?  In  our  first  experi- 
ment seeds  were  germinated  in  soil  or  sand,  to  which  was  added  known  percentages  of 
alkali  salts,  and  the  moisture  kept  as  nearly  uniform  as  possible.  We  made  a  new 
discovery  of  a  very  old  fact,  which  has  sometimes  been  overlooked  in  this  work, 
namely,  that  the  amount  of  salt  in  the  soil  makes  no  difference  with  the  plant,  but 
it  is  the  amount  of  salt  which  is  in  solution  that  is  important.  Unless  a  salt  is  alka- 
line and  caustic  in  its  nature,  as  is  the  case  with  the  carbonate  only,  the  salt  is  inert 
until  dissolved  by  water.  The  relation  of  the  soil  to  the  amount  of  salt  it  may  contain 
is  the  same  no  matter  how  the  moisture  varies,  while  it  is  the  variation  of  the  amount 
of  water  and  what  it  carries  in  solution  that  directly  affects  the  plant.  If  the  amount 
of  moisture  in  the  soil  changes  from  20  per  cent  to  10  per  cent  the  amount  of  salt  in 
solution  is  doubled,  providing  the  point  of  saturation  is  not  passed.    In  case  of  passing 


1  See  Wyoming  Sta.  Bui.  29,  Rpt.  1899,  Alkali  Studies,  III  and  IV  (Experiment  Station  Record,  8,  p.  568) . 
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the  saturation  point  a  part  of  the  salt  is  crystallized  out  and  becomes  as  inert  for  the 
time  as  other  soil  particles  which  are  insoluble.  Where  the  soil  is  so  full  of  alkali 
salts  as  is  ours  over  the  larger  part  of  Wyoming,  alkali  and  irrigation  investigations 
are  inseparable  unless  we  ignore  the  former  in  practical  applications  of  the  latter, 
something  which  many  of  our  better  farmers  find  they  can  not  afford  to  do.  "The 
numerous  problems  of  the  arid  region  are  reducible  to  one — how  the  plant  is  to  get 
and  keep  water." 

In  our  last  experiments,  then,  we  found  it  necessary  to  germinate  seeds  in  the 
presence  of  solutions  of  known  strength.  This  is  not  an  easy  thing  to  do,  for  many 
seeds  do  not  germinate  well  when  immersed  in  a  liquid,  and  any  chemist  will  appre- 
ciate the  errors  which  may  arise  when  the  alkali  salts  are  conducted  to  the  seed 
through  cloths  dipped  in  the  solutions.  However,  in  the  experiment  before  you  this 
is  the  method  which  was  adopted,  and  the  source  of  error  arising  from  weak  solutions 
being  brought  to  the  seed  by  the  cloth  leaving  some  of  the  salt  behind  was  overcome 
as  far  as  possible  by  dipping  the  cloth  and  contained  seeds  in  the  solutions  each  day. 
The  seeds  were  germinated  between  strips  of  muslin  laid  over  inverted  flowerpot 
saucers,  the  ends  dipping  into  the  solutions  on  each  side.  There  is  some  variation, 
due  to  the  difference  in  germinating  power  of  separate  sets  of  fifty  seeds,  but  the 
general  results  are  trustworthy  and  present  some  points  of  special  interest. 

That  there  is  a  fertilizing,  or  at  least  a  stimulating,  effect  on  vegetation  produced  by 
alkali  when  not  excessive  in  amount  has  been  observed  and  reported  by  Dr. 
Hilgard.  In  all  our  experiments  this  fact  is  in  evidence.  We  are  not  ready  to  accept 
the  statement  of  some  soda  enthusiasts  who  are  claiming  that  potash  may  be  entirely 
replaced  as  a  plant  food;  but  small  amounts  of  soda  salts  not  only  produced  marked 
acceleration  in  the  germination  of  seeds,  but  the  effect  remains  the  same  throughout 
the  growth  of  the  plant  or  crop.  This  does  not  appear  to  be  true  of  sodium  chlorid, 
at  least  when  applied  to  wheat  and  rye. 

The  increase  in  the  rapidity  and  amount  of  germination  in  the  presence  of  small 
amounts  of  sodium  carbonate  may  be  due  to  its  caustic  effect.  It  attacks  the  tissues 
directly,  dissolving  the  seed  coats  which  would  allow  rapid  imbibition  of  water,  pro- 
ducing somewhat  the  same  effect  as  is  shown'by  seeds  which  are  not  allowed  to  get 
fully  ripe.  The  germination  does  not  begin  as  soon  as  in  water,  but  it  proceeds  rap- 
idly when  it  does  begin,  and  as  far  as  we  observed  more  of  the  seeds  show  vitality. 
Our  chemist,  Professor  Slosson,  has  carried  out  some  careful  and  extensive  experi- 
ments with  seeds  in  alkali  solutions  and  has  cleared  up  some  points  in  regard  to  the 
absorption  of  water.  He  is  now  running  comparative  tests  between  seeds  of  plants 
which  naturally  grow  in  alkali  soils  and  those  that  do  not. 

At  the  start  the  seed  must  absorb  a  certain  amount  of  water,  in  order  that  the 
latent  life  forces  may  come  into  play.  This  is  not  such  a  simple  matter  as  it  may 
appear,  for  the  water  of  the  soil  is  not  pure,  but  a  more  or  less  concentrated  solution 
of  a  number  of  salts  which,  when  abundant  in  the  arid  region,  are  called  alkali. 
These  interfere  with  the  absorption  of  water  in  several  different  ways  not  yet  known, 
but  which  we  have  been  studying  for  many  years.  The  absorption  of  water  by  the 
seed  at  first  is  purely  physical  and  chemical,  not  physiological.  This  was  proved  by 
comparative  experiments  carried  out  by  our  chemist  with  seeds  that  germinated  and 
with  seeds  in  which  the  power  of  germination  had  been  destroyed  by  age,  heat  and 
formaldehyde  vapor,  and  with  pieces  of  dry  wood.  All  these  behave  substantially 
the  same  in  salt  solutions. 

Of  the  physical  forces  drawing  water  into  the  seed  may  be  mentioned  surface  ten- 
sion (capillarity)  and  absorption;  among  the  chemical,  the  formation  of  the  hydrates 
of  starch.  The  way  in  which  water  is  absorbed  depends  on  the  structure  of  the  seed. 
If  the  seed  coatings  or  cell  wTalls  are  semipermeable,  water  may  pass  freely  and  salts 
be  shut  out.  In  this  case  the  water  absorbed  would  be  inversely  proportional  to 
the  osmotic  pressure  of  the  salt  solution.  Experiment  shows  that  dissolved  salts  do 
enter  with  the  water,  but  not  as  freely,  so  that  osmotic  pressure  retards  the  imbibi- 
tion. Less  water  is  absorbed  by  seeds  from  salt  solutions  than  from  pure  water.  A 
difference  of  5  to  10  atmospheres  in  osmotic  pressure,  such  as  may  be  produced 
by  0.5  per  cent  to  1  per  cent  solution  of  sodium  chlorid,  shows  a  decided  effect  in 
preventing  the  absorption  of  water.  Sodium  chlorid,  sulphate,  and  carbonate,  mag- 
nesium sulphate,  and  sugar  have  been  used,  and  when  solutions  of  these  having  the 
same  osmotic  pressure  are  used  the  amount  of  water  absorbed  from  them  by  seeds  is 
nearly  the  same,  showing  that  the  osmotic  pressure,  and  not  the  kind  of  salt,  is  the 
most  important  factor.  Sodium  carbonate,  being  a  true  alkali,  acts  chemically,  dis- 
integrating the  tissues.  With  strong  salt  solutions  the  retardation  of  absorption  is 
not  proportional  to  the  increase  of  osmotic  pressure,  partly  because  the  real  osmotic 
pressure  is  less  than  the  theoretical  in  such  cases,  and  partly  because  more  salt  enters 
the  seed,  thus  balancing  the  external  pressure.1 


Copeland,  The  relation  of  nutrient  salts  to  turgor,  Bot.  Gaz.,  Dec,  1897. 
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It  appears  that  viscosity,  which  is  dependent  not  merely  on  the  number  of  mole- 
cules, like  osmotic  pressure,  but  also  on  their  size  and  structure,  has  an  influence  on 
the  amount  of  water  absorbed.  Different  kinds  of  seeds  also  differ  in  the  influence 
exerted  by  dissolved  salts.  Beans  and  peas  show  least  difference  in  amount  of  water 
taken  up  from  salt  solutions,  and  wheat  the  most  difference  so  far  as  determined. 
Since  the  imbibition  of  water  is  the  first  requisite  to  germination,  it  was  to  be 
expected  that  seeds  germinated  in  salt  solutions  would  be  subject  to  the  same  pre- 
venting and  retarding  influences.  This  is  amply  confirmed  by  experiment.  In  the 
sample  charts  before  you  it  will  be  seen  that  the  number  of  seeds  germinated  at  any 
particular  date  is  inversely  proportional  to  the  osmotic  pressure  of  the  solution  in 
which  they  are  placed,  in  solutions  where  there  is  considerable  difference  in  osmotic 
pressure. 

THE  REMEDY. 

We  do  not  pretend  to  have  solved  the  alkali  problem.  Evidently  the  remedy 
must  be  along  one  or  more  of  the  following  lines  :  Leaching  out  the  salts  by  irriga- 
tion and  drainage ;  dilution  of  the  salts  with  water  ;  preventing  the  accumulation  of 
salts  by  controlling  the  evaporation  ;  and  growing  useful  plants  which  rejoice  in  the 
presence  of  such  salts.  We  believe  much  can  be  done  in  selecting  plants  and  adapt- 
ing them  to  alkali  soils.  Dr.  Davenport  reports  that  fresh-water  animals  and  lower 
forms  of  plants  have  been  adapted  to  sea  water,  and  why  should  not  certain  plants 
become  adapted  to  salt  soils?  At  any  rate  we  are  trying  it,  and  proceeding  accord- 
ing to  both  Darwinian  and  Lainarkian  evolution,  so  no  one  will  be  disposed  to  take 
exception  to  the  entire  process. 

A.  Goss,  of  Xew  Mexico.  Owing  to  the  fact  that  I  received  no  notice  until  this 
morning  that  my  name  was  on  the  programme  and  that  I  was  expected  to  furnish  a 
paper  on  the  subject  of  alkali  in  Xew  Mexico,  I  am,  of  course,  not  prepared. 

I  may  say  very  briefly,  in  a  general  way,  however,  that  the  alkali  in  Xew  Mexico 
seems  to  be  mostly  of  the  white  variety.  I  do  not  believe  that  we  have  very  much 
black  alkali.  This  is  due  to  the  almost  universal  occurrence  of  gypsum  in  the  soils 
and  waters  of  the  Territory.  In  land  in  the  Rio  Grande  Valley  which  has  been  irri- 
gated with  the  river  water  for  any  considerable  time,  for  example,  black  alkali  could 
not  be  present,  owing  to  the  fact  that  the  water  of  the  Rio  Grande  constantly  carries 
gypsum,  which,  when  it  comes  in  contact  with  the  alkali  carbonates  of  the  black 
alkali,  immediately  converts  them  into  the  less  injurious  sulphates.  Several  years 
since  we  took  daily  samples  of  the  water  from  the  Rio  Grande  for  an  entire  year  and 
made  analysis  of  the  same.    These  samples  invariably  contained  gypsum. 

We  do,  however,  have  some  black  alkali  in  the  Territory.  "We  have  found  it,  for 
example,  in  the  extreme  northwestern  part,  in  the  valley  of  Las  Animas  River.  In 
that  section  there  are  spots,  probably  20  feet  in  diameter,  in  which  the  seeds  of 
ordinary  farm  crops,  such  as  corn,  will  not  germinate.  In  studying  this  subject  we 
found  that  sodium  carbonate  was  present  in  these  places  and  was  evidently  the  cause 
of  the  trouble.  We  traced  this  sodium  carbonate,  or  black  alkali,  to  the  chico  plant.1 
This  plant  takes  up  this  material  from  the  lower  strata  of  the  soil  and  brings  it  up 
into  the  leaves,  which  drop  and  leave  an  accumulation  of  black  alkali  at  the  surface. 
We  made  analyses  of  the  ash  of  this  plant  and  found  very  remarkable  percentages 
not  only  of  soda  but  of  potash  as  well;  far  more  than  sufficient  to  combine  with  all 
the  mineral  acids  present  (about  24  per  cent  Xa20  and  22  per  cent  K20)  .2  A 
sample  of  the  surface  soil  taken  from  under  a  chico  bush  was  found  to  contain  0.20 
per  cent  of  sodium  carbonate,  while  none  of  that  substance  was  found  in  a  sample 
of  the  surface  soil  taken  only  20  feet  away  from  the  plant.  Samples  of  the  surface 
soil  taken  from  "'chico"  spots  in  which  corn  failed  to  germinate  contained  about  the 
same  amount  of  sodium  carbonate  as  the  sample  taken  from  under  the  chico  bush. 

The  relation  of  the  chico  plant  to  black  alkali  has  also  been  reported  from  the  Cali- 
fornia Experiment  Station.  While  there  are  a  number  of  salts  present  in  these  alkali 
accumulations  which  are  of  no  value  to  the  plants,  there  are  others  which  are  of  the 


1  Greasewood  (Sarcobatus  rermiculatus) . 

-  Xew  Mexico  Sta.  Bui.  22  (Experiment  Station  Record,  9,  p.  429). 
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utmost  importance,  notably  the  potash  salts.  In  all  our  analyses  we  have  found 
considerable  amounts  of  potash  present,  not  only  in  the  alkali,  but  in  the  waters 
used  for  irrigation.  This  means,  of  course,  that  such  lands  ought  to  wear  better 
than  lands  in  the  rainfall  districts,  where  the  soluble  plant  food  is  washed  out  by  the 
drainage.  In  the  study  of  the  Rio  Grande  water,1  we  demonstrated  that  there  was 
more  potash  added  to  the  irrigated  land  than  was  removed  by  the  ordinary  farm 
plants.  This,  of  course,  is  a  matter  of  dollars  and  cents,  and  a  very  important  one 
in  connection  with  western  agriculture. 

F.  W.  Traphagen,  of  Montana,  read  the  following  paper: 

Alkali  in  Montana. 

The  "white  alkali"  is  the  prevalent  kind  found  in  Montana.  In  very  few  cases 
is  the  alkalinity  of  the  soil  such  as  to  indicate  more  than  traces  of  the  "black  alkali." 
This  preponderance  of  the  sulphates  is  to  be  explained  by  the  almost  universal  dis- 
tribution of  gypsum  throughout  the  State. 

The  source  of  the  alkali  where  it  exists  in  great  quantity  is  traceable  to  the  presence  of 
marine  shales,  usually  of  the  Fort  Benton  group.  This  is  especially  noticeable  about 
Billings,  where  the  shales,  by  their  disintegration,  have  formed  the  greater  part  of 
the  soil  of  the  valley.  These  shales  contain  the  equivalent  of  from  one  to  over  two 
per  cent  of  sodium  sulphate.  In  the  Bitter  Root  Valley,  where  granite  is  the  pre- 
vailing country  rock,  a  reconnoissance  failed  to  reveal  any  locations  where  the  alkali 
was  nearly  as  bad  as  in  the  Yellowstone  Valley,  or  even  where  the  conditions  were 
such  as  to  cause  uneasiness. 

On  the  other  hand,  as  is  the  case  in  all  arid  or  semiarid  sections,  there  are  no 
localities  where  soluble  salts  are  not  present  in  the  soil  in  considerable  quantity. 

As  in  California,  the  rise  of  alkali  is  universally  associated  with  irrigation,  and 
wherever  the  worst  phases  of  alkali  are  exhibited,  there  also  the  ground  water  has 
risen  to  the  surface  or  very  near  to  it.  On  the  theory  that  if  a  little  is  good,  more  is 
better,  our  farmers  have  been  in  the  habit  of  using  much  more  water  than  would 
suffice  for  their  needs,  and  in  consequence  have  brought  to  the  surface  the  alkali  salts 
in  such  quantities  as  to  menace  and,  in  many  cases,  even  destroy  their  crops. 

The  following  two  sets  of  samples  illustrate  m  a  striking  way  the  rise  of  alkali  in 
Montana: 

Set  No.  1  was  taken  in  an  alfalfa  field  where  growth  was  tolerably  fair.    Set  No.  2 
was  from  a  bare  unirrigated  field  west  of  and  across  the  road  from  previous  sample. 
Crop  blue  grass,  very  poor,  field  used  for  pasture. 


Distribution  of  alkali  in  irrigated  and  unirrigated  soil. 


Depth  in 

Sodium  sulphate. 

Alkalinity  in  terms  of 
sodium  carbonate. 

inches. 

Set  No.  1. 

Set  No.  2. 

Set  No.  1. 

Set  No.  2. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Oto  12 

0.140 

0.043 

0.017 

0.017 

12  to  24 

.198 

.063 

.014 

Trace. 

24  to  36 

.039 

.130 

.014 

.017 

36  to  57 

.036 

.150 

.014 

.010 

57  to  72 

.036 

.160 

.017 

.017 

72  to  90 

.039 

.166 

.017 

.017 

90  to  108 

.637 

.010 

A  comparison  of  these  two  sets  of  samples  will  illustrate  in  a  striking  manner  the 
effects  of  irrigation  in  concentrating  the  alkali  near  the  surface.  In  the  first  lot 
where  the  field  was  irrigated,  64  percent,  nearly  two-thirds  of  all  the  alkali  contained 
in  9  feet  of  soil,  concentrated  in  the  first  24  inches;  in  the  second  lot,  but  14.9  per 
cent,  about  one-seventh  of  the  alkali  contained  in  7?  feet  of  soil  is  found  in  the  first 
2  feet. 

This  is  an  impressive  lesson  on  the  importance  of  using  as  little  water  in  alkali 
districts  as  will  suffice. 


iNew  Mexico  Sta.  Bui.  12  (Experiment  Station  Record,  5,  p.  1002). 
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The  following  table  shows  the.composition  of  the  alkali  of  the  Yellowstone  Valley  : 


Composition  of  the  alkali  of  the  Yellowstone  Valley. 


Silica. 

Calci- 
um sul- 
phate. 

^lagne- 

S«ul-1 
ohate 

Potassi- 
um sul- 
phate. 

Sodium 

sul- 
phate. 

Sodium 
nitrate 

Sodium 
chlorid 

Sodium 
carbo- 
nate. 

Total. 

Sample  No.  304: 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

0.054 

1.280 

14.910 

0.830 

26.650 

0. 000 

0. 637 

0. 144 

44. 505 

.121 

2. 867 

33. 398 

1.859 

59. 696 

.000 

1.426 

.323 

99.  690 

Sample  No.  343: 

In  soil  

.016 

.050 

.  020 

.020 

.500 

.000 

.116 

.192 

.914 

In  soluble  matter  

1.75 

5. 47 

2. 19 

2.19 

54.70 

.000 

12.69 

21.00 

99. 99 

Sample  No.  372: 

In  soil  

.004 

.150 

.130 

.009 

.320 

.018 

.000 

.096 

.727 

In  soluble  matter  

.550 

20. 625 

17. 875 

1.237 

44.000 

2.475 

.000 

13.200 

99. 962 

Sample  No.  392: 

In  soil  

.018 

.610 

1.290 

.060 

2.890 

.000 

.116 

.096 

5.080 

In  soluble  matter  

.354 

12. 005 

25. 387 

1.181 

56. 875 

.000 

2.283 

1.889 

99. 974 

Sample  No.  405: 

In  soil  

.035 

1.380 

3.210 

.180 

6.430 

.091 

.578 

.048 

11. 952 

In  soluble  matter  

.292 

11.546 

26. 858 

1.506 

53. 799 

.761 

4.836 

.401 

99.999 

The  above  table  shows  that  the  alkali  is  in  general  essentially  a  mixture  of  two 
parts  of  sodium  sulphate  with  one  part  of  magnesium  sulphate. 

While  underdrainage  is  undoubtedly  a  final  i  emedy,  and  one  thaf  should  bs  applied 
wherever  conditions  will  p  -rinit,  it  will  be  readily  seen  that  it  can  not  be  used  on 
land  worth  only  from  $3  to  S  Lo  an  acre.  For  such  lands  a  cheaper  mode  of  treatment 
inust  be  found,  or  it  will  be  necessary  to  abandon  them. 

It  is  perhaps  dangerous  to  recommend  a  form  of  procedure,  which  if  not  handled 
with  extreme  precaution,  may  result  in  conditions  worse  than  prevailing  ones.  This 
is  true  of  surface  washing.  But  judiciously  handled  there  can  be  no  doubt  that  large 
quantities  of  alkali  can  be  got  rid  of.  The  essentials  in  this  treatment  are  rapid 
work,  and  the  immediate  removal  of  the  water  from  the  surface  before  it  has  had  an 
opportunity  to  soak  down  to  any  considerable  depth.  The  following  figures,  secured 
by  Mr.  Thomas  H.  Means,1  show  what  nature  is  doing  in  this  line  about  Billings: 


Soluble  salts  carried  by  Billings  town  ditch. 
[Rate  of  flow,  40  cubic  feet  per  second.] 


Date  of  examination. 

Amount  of 
salts  in 
water. 

Amount  re- 
moved per 
hour. 

Per  cent. 
0. 302 
.424 
.422 
.449 
.283 
.481 
.227 

Tons. 
13.6 
19.1 
19 
20.2 
12.7 
21.6 
10.2 

June  6  

June  7  

June  12  

June  13  

The  average  amount  of  alkali  removed  daily,  for  the  twelve  days  that  these  obser- 
vations covered,  was  400  tons,  or  4,800  tons  for  the  short  period  covered  by  the 
experiment. 

This  is  no  inconsiderable  amount,  and  in  time  its  effect  must  be  noticed.  It  should 
be  our  province  to  supplement  the  work  of  nature  so  far  as  possible  and  along  sim- 
ilar lines. 

The  work  done  in  the  Yellowstone  Valley  has  led  me  to  advocate  the  planting  of 
alfalfa  wherever  the  alkali  threatens.  The  following  series  of  analyses  illustrate 
the  action  of  this  crop. 

Lot  No.  1.  From  alfalfa  field  cultivated  eleven  years,  last  five  to  alfalfa.  Yield, 
5  tons  to  acre.    No  surface  efflorescence  in  field. 


1 U.  S.  Dept.  Agr.,  Division  of  Soils  Bui.  14,  p.  31. 
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Alkali  in  alfalfa  field. 


Depth,  in  inches. 


Sodium 
sulphate. 


Alkalinity 
in  terms  of 

sodium 
carbonate. 


0  to  12  

12  to  24,  loam,  lower  inch  clay  

24  to  36,  clayey  loam  

36  to  48,  clayey  loam  

48  to  60,  clayey,  white  spots  

60  to  72,  clayey,  white  spots  

72,  i  mile  south  of  above,  more  moist 


Per  cent. 
0.056 
.043 
.077 
.220 
1.410 
1.600 
1.22 


Per  cent. 
0. 025 
.028 
.039 
.042 
.010 
.014 
.007 


I  wish  to  draw  especial  attention  to  this  series,  and  to  others  where  the  ground 
water  is  6  feet  or  more  deep,  and  where  alfalfa  has  secured  a  good  stand.  This  crop 
has  a  remarkable  power  to  prevent  the  rise  of  the  alkali,  and  would  seem  to  slowly 
remove  it,  for  the  very  heavy  crops,  containing  a  considerable  amount  of  mineral 
matter,  a  large  portion  of  which  is  alkali  salts,  must  remove  very  large  quantities  of 
alkali  in  the  aggregate.  My  observations  have  caused  me  to  believe  that  if  a  stand 
of  alfalfa  can  be  secured,  and  the  water  table  kept  low  enough,  for  all  fields  where 
such  conditions  prevail  the  alkali  problem  is  solved. 

Lot  No.  2.  Field  planted  to  alfalfa  thirteen  years  ago.  Alkali  showing  in  road  and 
field  to  the  east. 

Alkali  in  alfalfa  field. 


Depth,  in  inches. 

Sodium 
sulphate. 

Alkalinity 
in  terms  of 

sodium 
carbonate. 

Water. 

0  to  12,  sand  

Per  cent. 
0. 012 
.004 
.015 
.013 
.013 
.019 
.031 
.054 

Per  cent. 
0. 017 
.021 
.028 
.025 
.025 
.039 
.039 
.032 

Per  cent. 
11.50 
11.70 
12. 60 

12  to  24  

24  to  36  

36  to  48  

48  to  60,  clayey  

19 

60  to  72  

72  to  84  

19.5 

84  to  96,  sand,  water  

This  field  presents  another  instance  of  the  beneficent  effects  of  alfalfa,  and  the 
analyses  studied  in  conjunction  with  the  knowledge  of  the  fact  that  but  a  few  feet 
away  from  the  alfalfa  field  the  pernicious  effects  of  the  alkali  are  already  marked,  can 
not  fail  to  support  the  case  of  the  claims  of  alfalfa  as  the  ideal  crop  for  alkali  regions. 

Lot  No.  3.  From  an  old  ranch;  twelve  years  in  alfalfa. 

Alkali  in  alfalfa  field. 


Depth  in  inches. 

Sodium 
sulphate. 

Alkalinity 
in  terms  of 

sodium 
carbonate. 

Oto  12  

Per  cent. 
0. 06 
.53 
1.07 
1.34 
1.28 
1.26 
.40 
.25 
.14 

Per  cent. 
0. 077 
.063 
.056 
.060 
.053 
.056 
.083 
.100 
.110 

12  to  24  

24  to  36  

36  to  48  

48  to  60  

60  to  72  

72  to  84  

84  to  96  

96  to  108  

This,  it  seems  to  me,  is  a  remarkably  strong  line  of  evidence  in  favor  of  alfalfa,  and 
connected  with  the  fact  that  winter  sheep  feeding  is  practiced  in  this  section,  and  that 
alfalfa  has  proved  its  value  in  this  work,  it  would  seem  that  there  is  a  large  field  of 
usefulness  for  this  crop  in  our  State. 

For  some  reason  the  Australian  saltbush  has  failed  to  thrive  with  us. 
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B.  C.  Buffum,  of  Wyoming,  and  W.  J.  Spillman,  of  Washington,  stated  that  the  salt- 
bush  will  grow  in  the  low,  hot  valleys,  but  not  in  the  uplands,  of  those  States.  It 
will  not  stand  much  frost. 

L.  G.  Carpenter,  of  Colorado,  stated  that  the  alkali  problem  was  a  serious  one  in 
Colorado,  especially  in  the  San  Luis  Valley.  In  this  valley  much  land  which  was 
once  fertile  has  been  rendered  unproductive  by  the  rise  of  alkali.  The  alkali  of  this 
region  is  mainly  of  the  ' '  white ' '  variety.  ' '  Where  drainage  can  be  applied  it  is  the 
almost  complete  solution  of  the  question  in  those  particular  localities. ' ' 

H.  T.  French,  of  Idaho,  stated  that  in  many  cases  in  Idaho  the  application  of  irriga- 
tion water  on  the  higher  benches  was  bringing  up  the  alkali  on  the  lower  lands, 
destroying  the  value  of  lands  over  a  large  section. 

A.  Goss  described  a  similar  condition  of  affairs  existing  in  the  San  Juan  and  Las 
Animas  valleys  in  New  Mexico.  He  described  the  large  plain  or  water  basin  in 
south  central  New  Mexico,  which  was  evidently  sea  bottom  at  one  time,  and  which 
now  contains  large  deposits  of  gypsum,  resulting  from  the  long-continued  leaching  of 
alkali  accumulations.  "This  leaching,  which  has  been  going  on  for  thousands  of 
years,  has  resulted  in  carrying  off  the  soda  and  potash  and  other  more  soluble  parts 
and  leaving  the  gypsum,  so  that  we  have  an  accumulation  of  practically  pure  gypsum 
(95  per  cent) .    This  deposit  is  25  or  30  miles  long. ' ' 

A  Membee.  We  have  been  abusing  alkali.  Now,  let  me  say  a  word  in  its  favor.  I 
found  at  Tulare  a  better  condition  in  an  alkali  soil  than  upon  soils  that  had  no 
alkali.  In  a  soil  without  alkali  I  found  only  1  per  cent  of  moisture,  while  in  another 
containing  black  alkali  there  was  15  percent  of  moisture;  on  the  latter  wheat  was 
growing  3  or  4  feet  high,  well  headed,  while  upon  the  former  grain  did  not  grow. 
So  that  alkali  has  its  beneficial  as  well  as  its  injurious  qualities. 

F.  W.  Traphagen  believed  that  in  Montana  killing  out  of  alfalfa  under  irrigation 
is  due,  not  to  the  rise  of  the  alkali,  but  to  the  rise  of  the  water  table. 

The  chair  appointed  the  following  committee  on  nominations:  W.  A.  Withers,  of 
North  Carolina;  T.  F.  Hunt,  of  Ohio;  and  B.  C.  Buffum,  of  Wyoming.  (For  action 
of  this  committee,  see  p.  84.) 

H.  E.  Stockbridge  offered  the  resolutions  relating  to  the  teaching  of  agriculture 
already  noted  (see  p.  55) ,  but  after  some  discussion  withdrew  them. 

The  section  then  took  up  the  subject  of  irrigation,  L.  G.  Carpenter,  of  Colorado, 
speaking  as  follows: 

In  view  of  the  conditions  under  which  we  are  placed,  I  deemed  it  best  not  to  present 
a  formal  paper,  but  rather  to  discuss  some  ol  the  general  features  of  the  problem  of 
irrigation  in  the  Western  States. 

Since  you  have  come  across  the  plains,  it  is  not  necessary  to  remind  you  that  the 
conditions  in  the  West  are  very  different  from  those  in  the  East,  especially  as  regards 
the  problem  of  moisture.  Before  agriculture  can  exist  we  must  have  moisture.  To 
find  water  is  to  produce  crops;  without  water  we  can  not  have  them.  Questions 
which  relate  to  the  finding  and  the  utilization  of  water  supply  are  therefore  of  vital 
importance  to  us  from  the  agricultural  side.  You  have  seen  the  vast  unproductive 
lands  we  have  in  the  West,  and  also  spaces  where  the  application  of  water  has  turned 
the  country  into  a  garden.  The  bringing  of  water  to  the  soil  is,  of  course,  largely 
an  engineering  question;  but  we  have  many  questions  growing  out  of  that  which 
might  properly  be  considered  as  elements  in  the  work  of  the  experiment  stations. 
You  in  the  East  and  in  the  European  stations  have  made  experiments  as  to  the 
amount  of  water  which  a  crop  requires.  Do  the  crops  under  our  arid  conditions 
require  the  same  amount  of  water  to  produce  a  given  amount  of  crop  as  under  your 
conditions  ?  What  becomes  of  the  water?  How  much  of  it  is  required  by  the  plant, 
how  much  of  it  passes  into  the  soil,  and  how  much  into  the  atmosphere?  Our  irri- 
gation methods  undoubtedly  are  to  a  great  extent  wasteful.  A  comparatively  small 
proportion  of  the  water,  in  many  cases  at  least,  is  applied  usefully — that  is,  to  such 
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a  degree  that  the  plant  can  use  it  and  does  use  it  in  its  growth.  Much  more  passes 
away  into  the  soil  or  air  by  evaporation  from  the  soil.  Observations  have  shown 
that  the  need  for  water  varies  with  different  years  and  with  the  season  of  the  year, 
so  that  it  is  rather  dangerous  to  generalize  on  one  or  two  years,  either  as  to  amount 
of  water  or  portion  of  the  year  in  which  it  may  be  used.  It  has  been  further  shown, 
in  a  general  way,  that  the  conditions  as  to  use  of  water,  as  we  find  them,  are  not 
entirely  such  as  they  would  be  if  each  person  could  use  the  water  just  when  he  wants 
it  and  in  just  such  quantities  as  he  wants.  It  would  be  a  great  damage  to  the  indi- 
vidual farmers,  and  probably  to  the  valleys  as  a  whole,  could  they  use  water  whenever 
and  in  such  quantities  as  they  wish. 

I  recently  had  occasion  to  examine  in  some  detail  a  typical  irrigation  ditch,  which 
represents  a  condition  of  affairs  that  is  growing  up,  in  which  the  character  of  water 
rights  may  vary  widely  even  among  neighbors.  In  this  particular  ditch  there  are  at 
least  three  different  kinds  of  water  rights.  In  the  first  place,  there  are  men  who  can 
use  water  from  that  ditch  when  they  wish  and  in  such  quantities  as  they  desire. 
Then  we  have  a  series  of  about  400  80-acre  farms  to  which  the  remaining  water  (if 
any  remains)  is  distributed,  up  to  a  certain  amount,  If  there  is  still  some  water 
left  after  these  400  are  supplied  it  is  distributed  to  one  or  two  hundred  other  farms. 

Aside  from  the  question  of  use,  there  are  a  great  many  questions  of  similar  nature — 
the  loss  of  water  from  the  ditches,  the  return  of  water  to  the  streams — all  affecting 
and  relating  to  the  questions  of  water  supply.  We  find  that  a  great  deal  of  the  water 
(30  per  cent  or  over  in  Colorado)  returns  to  the  streams  and  may  be  used  again. 

The  question  of  the  composition  of  the  water  is  important.  Irrigation  water  is 
applied  in  large  quantities,  so  that  even  a  small  percentage  of  fertilizing  material  in 
the  water  means  a  great  deal  to  the  soil.  Even  with  the  purest  waters  the  amount 
of  fertilization  brought  to  the  soil  is  appreciable.  During  the  spring  the  streams  are 
likely  to  be  flooded  and  bring  down  a  great  deal  of  fertilizing  matter. 

The  method  of  applying  water  varies  in  the  colder  from  what  it  is  in  warmer  parts 
of  the  irrigated  region,  and,  peculiarly  enough,  more  water  is  used  in  the  cold  region 
than  in  warm  regions,  more  in  the  mountains  than  on  the  plains.  Two  different 
types  of  irrigation  are  therefore  practiced,  but  investigation  has  not  shown  the  reason 
for  the  difference,  although  it  is  undoubtedly  due  to  some  extent  to  the  character  of 
the  crops  grown. 

All  irrigation  problems  lead  back  very  largely  to  the  proper  condition  of  soil  mois- 
ture, and  how  that  can  be  maintained  at  just  the  proper  degree  or  as  near  to  it  as 
practical  conditions  will  admit. 

The  application  of  water  gives  also  a  very  great  power  over  the  temperature  of  the 
soil,  another  very  important  feature  in  the  control  of  the  conditions  favorable  to  plant 
growth.  The  water  changes  its  temperature  very  materially  as  it  passes  down  the 
ditches.  Irrigation,  then,  gives  a  better  control  over  plant  conditions  than  is  pos- 
sible in  States  that  depend  upon  rainfall;  but  the  intelligent  use  of  this  implies  a 
knowledge  of  the  causes  at  work,  a  knowledge  of  the  connection  between  tempera- 
ture and  plant  growth. 

Investigations  in  irrigation  lead  into  many  questions  of  plant  physiology  and  the 
relation  of  the  plant  to  moisture.  In  fact,  irrigation  in  the  West  means  the  whole 
question  of  agriculture,  and  all  of  our  possibilities  are  bound  up  in  it;  and  it  seems  to 
me  that  to  us  workers  in  experiment  stations  it  is  one  of  the  most  important  ques- 
tions with  which  we  have  to  deal.  It  reaches  out  in  all  directions,  and  the  character 
of  the  questions  that  we  have  are  exceedingly  extensive,  not  only  in  the  lines  that 
have  been  briefly  mentioned,  but  in  a  great  many  others,  some  of  them  bearing  upon 
questions  that  can  be  investigated  in  the  laboratory,  some  that  can  be  testsd  only  in 
the  field,  and  some  that  are  physical  or  engineering  questions.  Many  of  the  ques- 
tions undoubtedly  are  of  equal  importance  to  Eastern  stations,  but  a  large  proportion 
are  peculiar  to  the  West. 
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A.  C.  True.  As  doubtless  many  of  you  know,  somewhat  more  than  a  year  ago  the 
friends  of  irrigation  in  the  West  secured  from  Congress  an  appropriation  of  $10,000,  to 
be  expended  under  the  direction  of  the  Secretary  of  Agriculture  in  the  collection  and 
dissemination  of  information  regarding  irrigation.  The  Secretary  took  up  this  matter 
with  his  accustomed  earnestness  and  interest,  and  as  the  work  developed  it  became 
apparent  that  if  anything  creditable  was  to  be  done  the  appropriation  must  be  greatly 
increased;  and  at  the  last  session  of  Congress,  in  accordance  with  the  estimates  made 
by  the  Secretary,  the  appropriation  was  increased  from  $10,000  to  $35,000.  This  is 
not  quite  all  we  asked  for,  but  was  a  gratifying  indication  that  Congress  realized  the 
necessity  for  taking  up  this  work  in  a  relatively  large  way. 

For  the  purposes  of  economy  in  administration,  the  general  supervision  of  this 
work  has  been  committed  to  the  Office  of  Experiment  Stations,  but  in  order  to  secure 
effective  work  in  the  investigations  an  organization  has  been  planned  which  will  give 
to  this  work  a  distinct  place  in  the  Department.  In  order  that  we  might  deal  with 
this  matter  at  close  range,  it  was  decided  to  put  the  headquarters  of  the  irrigation 
enterprise  in  the  irrigated  region,  and  an  office  has  been  opened  at  Cheyenne,  Wyo. 
As  the  expert  in  immediate  charge  of  the  irrigation  investigation,  Prof.  Elwood  Mead 
has  been  selected — a  man  who  has  had  a  long  experience  in  dealing  with  irrigation 
problems  in  the  West,  and  who  has,  I  am  sure,  the  knowledge  and  the  experience 
which  you  will  all  agree  fit  him  to  understand  the  problems  of  this  region,  and  to 
take  them  up  along  lines  which  will  be  useful.  He  is  here  this  afternoon,  and  is 
prepared  to  explain  what  the  plan  of  our  operations  is,  so  that  I  will  not  say  anything 
about  that;  but  I  wish  to  call  the  attention  of  this  convention,  and  especially  of  those 
here  who  represent  States  in  which  irrigation  is  largely  practiced,  to  one  or  two  gen- 
eral matters  connected  with  our  work.  It  will  be  our  policy,  in  accordance  with 
the  provisions  of  the  act  under  which  we  are  working,  to  cooperate  as  far  as  prac- 
ticable with  the  agricultural  colleges  and  experiment  stations  in  the  irrigated 
region,  helping  them  to  enlarge  and  strengthen  the  investigations  which  have  already 
been  begun.  We  hope,  as  one  outcome  of  this  work,  that  the  experiment  stations 
in  this  region  will  be  able  to  work  a  great  deal  more  efficiently  and  broadly  along 
the  lines  of  the  irrigation  problems.  But  as  we  get  into  this  work  we  realize  more 
than  we  did  at  the  outset  the  difficulties  of  satisfying  the  natural  demand  of  the 
people  for  immediate  information.  There  have  been  a  few  men  (like  Professor  Car- 
penter, to  whom  you  have  listened,  and  Professor  Hilgard,  who,  unfortunately,  can 
not  be  present  with  us)  who,  with  comparatively  limited  means,  have  done  a  great 
deal  of  useful  work  on  the  problems  of  irrigation;  but  the  number  of  such  men  is 
altogether  too  small,  and  therefore  the  number  of  facts  which  have  been  collated  is 
altogether  too  limited.  It  will  be  necessary,  therefore,  that  the  people  of  this  region 
shall  be  patient  with  us  in  the  organization  of  our  work,  remembering  that  we  must 
not  only  work  with  such  men  as  are  already  trained  and  available,  but  we  must 
train  men  for  the  work  before  we  can  have  an  adequate  force  of  competent  agents  to 
carry  out  useful  lines  of  investigation. 

These  are  some  of  the  general  considerations  governing  our  work,  and  as  we  are 
now  forming  our  plans  we  desire  that  all  who  are  interested  in  this  matter  shall  give 
us  the  benefit  of  discussion,  criticism,  and  suggestion  in  order  that  we  may  get  the 
best  plans  and  do  the  things  that  ought  to  be  done  and  accomplish  the  results  that 
are  needed.  We  look  upon  this  problem  of  irrigation  not  as  a  matter  of  interest 
simply  to  one  section  of  the  United  States.  It  is  true  that  even  as  a  sectional  matter 
it  would  be  a  very  important  matter,  because  irrigation  is  a  thing  fundamental  to 
agriculture  in  an  area  of  nearly  half  of  the  United  States;  but  in  the  East  as  well  as  in 
the  West  there  is  an  increasing  interest  in  the  problems  of  irrigation,  because  the 
farmers  in  many  places  in  the  East  are  coming  to  see  that  irrigation  may  be  to  a 
greater  or  less  extent  of  service  to  them,  and  it  is  our  purpose,  so  far  as  we  can,  to 
make  these  investigations  under  the  Department  of  Agriculture  of  national  impor- 
tance and  value. 
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E.  Mead,  of  Wyoming.  In  explaining  the  work  we  have  undertaken,  the  methods 
which  we  are  pursuing,  and  the  objects  we  hope  to  accomplish,  I  am  aware  that  there 
are  some  in  this  audience  who  are  as  familiar  with  the  subject  as  myself,  and  some 
to  whom  even  the  simplest  features  are  entirely  new.  To  some  much  that  I  have  to 
say  will  be  commonplace,  while  to  others  the  time  allotted  will  not  permit  me  to 
make  clear  its  problems;  but  I  hope  to  give  you  at  least  the  underlying  purposes  of 
our  work  and  some  appreciation  of  its  necessities. 

Farming  by  irrigation  differs  as  widely  from  that  under  rainfall  as  does  the  climate 
of  this  region  from  that  of  Illinois.  The  fundamental  character  of  this  difference 
lies  in  the  fact  that  success  in  irrigation  requires  cooperation  and  association,  while 
farming  by  rainfall  does  not,  This  is  because  all  of  the  people  whose  farms  are  sup- 
plied from  a  single  stream  have  an  interest  in  the  common  supply.  Their  success 
depends  on  the  wisdom  and  justice  with  which  it  is  distributed.  Unfortunately  this 
was  not  realized  in  the  beginning  of  Western  irrigation.  Instead  of  prearranged 
plans  which  would  provide  for  the  simplest  and  most  economical  distribution  of 
water  from  streams,  and  giving  to  each  user  a  title  to  water  which  would  be  as 
definite  and  secure  as  the  deed  to  his  land,  a  great  majority  of  irrigators  have  located 
their  ditches  and  begun  using  water  without  any  consideration  of  the  nature  of  the 
titles  thereto,  or  any  systematic  procedure  for  the  recording  or  protection  of  these 
titles.  At  first  there  was  no  necessity  for  considering  these  questions.  There  was  an 
abundant  supply,  and  so  long  as  irrigators  could  take  all  they  wanted  one  right  was  as 
good  as  another.  But  as  ditches  have  been  extended  and  water  has  become  scarcer 
and  more  valuable  there  have  come  controversies  over  this  ownership  and  control 
which  in  many  cases  has  led  to  litigation  costing  more  than  the  ditches  over  which 
these  controversies  had  their  origin. 

The  ownership  and  control  of  water  is  therefore  the  fundamental  problem  of  irriga- 
tion. In  providing  for  this  we  are  dealing  with  something  which  originally  belonged 
as  much  to  the  public  as  does  the  air,  and  in  the  arid  region  it  is  as  necessary  to 
human  existence  as  the  atmosphere.  I  believe  that  it  is  a  mistake,  therefore,  for 
water  to  become  a  subject  of  private  or  speculative  ownership,  but  on  the  contrary 
all  rights  thereto  should  be  based  on  users'  needs  and  rights.  Irrigation  should  be 
governed  by  the  requirements  of  the  land  irrigated.  We  have  accordingly  taken  up 
as  our  leading  line  of  investigation  the  determination  of  the  time  when  water  is  used, 
the  volume  required,  and  the  extent  to  which  this  is  influenced  by  different  climates 
and  different  crops.  This  investigation  is  designated  by  the  general  term  ' '  the  study  of 
the  duty  of  water."  We  are  making  along  with  it  a  number  of  collateral  studies, 
such  as  the  determination  of  the  rate  of  evaporation  from  water  surfaces  and  meas- 
uring the  volume  of  return  or  seepage  water,  keeping  a  record  of  the  rainfall  in  order 
to  determine  the  total  volume  of  moisture  supplied,  and  the  area  which  any  given 
stream  will  serve.  We  do  not  expect  in  the  course  of  one  season,  or  in  a  number  of 
seasons,  to  establish  fixed  rules  for  determining  in  advance  the  exact  duty  of  water 
in  any  particular  section,  yet  we  will  be  able  to  furnish  to  farmers,  canal  companies, 
and  others  interested  the  approximate  limits  at  which  wasteful  use  begins  and  where 
the  economy  which  can  profitably  be  practiced  ends. 

The  wide  range  of  conditions  to  be  dealt  with  and  the  fact  that  definite  conclusions 
will  require  a  number  of  seasons'  records  makes  the  beginning  of  this  work  all  the 
more  important,  because  reforms  based  on  this  information  can  be  more  easily 
inaugurated  if  it  is  made  available  before  extravagant  rights  and  injurious  customs 
have  been  hardened  by  time  into  laws. 

It  is  a  matter  of  common  knowledge  that  thousands  of  acres  of  land  have  been 
temporarily  injured  by  excessive  irrigation  and  that  the  waste  of  one  farmer  at  the 
head  of  a  canal  or  river  often  causes  the  failure  of  crops  to  irrigators  below.  If  we 
can  show  the  approximate  needs  of  different  crops  and  the  benefits  of  economy  and 
skill  in  distributing  water,  we  will  to  that  degree  enhance  the  value  of  the  available 
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supply  and  the  acres  it  will  reclaim.  Whenever  we  can  make  one  second-foot  serve 
two  acres  where  it  is  now  wasted  on  one,  we  have  added  just  that  much  to  the 
national  wealth  in  making  it  possible  to  change  that  many  more  acres  of  worthless 
land  into  productive  farms. 

The  second  leading  feature  of  our  investigation  is  a  study  of  State  irrigation  laws. 
The  framing  of  these  laws  involves  important  social  and  economic  problems.  We 
have  been  slow  to  recognize  this  fact.  Descended  from  peoples  whose  experience 
and  traditions  were  confined  to  the  humid  sections  of  the  United  States  and  Europe, 
we  have  framed  laws  in  entire  ignorance  of  the  needs  of  arid  lands  and  in  defiance 
of  the  teaching  of  experience.  Other  countries  have  dealt  with  this  subject  more 
wisely.  The  first  step  in  the  creation  of  an  irrigation  system  in  Australia  was  the 
appointment  of  a  commission  to  study  the  law  and  customs  of  other  irrigated  lands, 
in  order  that  they  might  have  the  benefit  of  the  experience  of  the  past.  Before 
Canada  attempted  to  frame  an  irrigation  code  a  commission  of  lawmakers  from  that 
country  spent  several  months  in  the  United  States  studying  the  conditions  and 
methods  of  the  different  States  of  this  Union.  As  a  result  both  Canada  and  Aus- 
tralia have  irrigation  laws  superior  to  our  own. 

In  those  countries  water  rights  are  more  definite.  They  are  established  at  less 
cost  to  farmers,  and  when  they  are  established  there  is  some  provision  for  their  pro- 
tection.  Here,  unfortunately,  we  have  left  both  to  be  largely  fought  out  in  the  courts. 

It  will  also  be  a  great  gain  to  irrigators  if  we  can  in  some  way  secure  greater  uni- 
formity than  now  exists  between  the  irrigation  codes  of  the  different  arid  States.  At 
present  we  are  treated  to  the  spectacle  of  States  separated  by  nothing  but  an  imag- 
inary line,  which  is  crossed  by  water  courses  often  used  on  both  sides  of  that  boundary 
by  irrigators  from  the  same  ditches,  and  where  the  physical  conditions  are  wholly 
alike,  yet  the  nature  of  the  titles  to  ownership  in  the  stream  changes  as  completely 
when  the  boundary  is  crossed  as  if  those  two  States  were  on  opposite  sides  of  the 
globe.  Such  differences  can  have  no  basis  in  reason.  They  are  purely  accidental. 
Nor  can  rights  so  different  work  equally  well.  It  seems  to  me  that  we  have  reached 
a  period  where  we  ought  to  begin  to  make  a  selection  and  accept  what  is  good  and 
reject  what  is  bad.  In  other  words,  endeavor  to  secure  a  greater  uniformity  in  our 
different  irrigation  codes.  The  surest  way  to  bring  this  about  is  through  publicity, 
by  describing  the  operations  of  these  different  systems  and  calling  attention  to  their 
merits  and  defects. 

The  foregoing  is  an  outline  of  the  principal  branches  of  work  we  are  carrying  on  in 
the  arid  region,  but,  as  Dr.  True  has  said,  we  believe  that  the  usefulness  and  value  of 
irrigation  is  not  restricted  to  that  part  of  the  country  which  has  less  than  20  inches 
of  rainfall.  There  it  is  of  fundamental  importance,  but  in  other  sections  of  the  coun- 
try there  are  many  directions  in  which  it  can  be  made  to  add  to  the  value  and  pro- 
ductiveness of  agriculture.  In  dealing  with  this  I  am  not  so  sure  of  my  ground  as  I  am 
with  the  more  vital  problems  of  the  arid  region,  and  what  I  shall  say  is  simply  sug- 
gestive. We  have,  however,  the  experience  of  European  countries,  which  has  shown 
that  with  an  annual  rainfall  of  40  inches,  which  is  equal  to  or  greater  than  that  of  the 
Mississippi  Valley,  it  is  profitable  to  expend  large  sums  of  money  in  the  construction 
of  canals,  because  of  the  more  certain  and  larger  yields  which  the  ability  to  apply 
water  whenever  needed  always  gives.  The  growing  of  small  fruits  and  intensive 
agriculture  wherever  practiced  seems  to  me  to  offer  an  opportunity  for  the  application 
of  irrigation,  and  the  interesting  results  of  the  inquiry  of  Professor  Voorhees  seem  to 
support  this  belief.  There  is  no  reason  to  doubt  that  the  lesson  of  the  new  world 
will  be,  like  that  of  the  old,  that  there  is  no  agent  of  agriculture  or  horticulture  so 
efficient  as  irrigation,  and,  wherever  conditions  make  its  use  possible,  I  believe  it  will, 
in  time,  be  generally  adopted.  One  of  the  fields  in  which  it  has  an  inviting  future  is 
in  connection  with  the  disposal  of  sewage  in  cities. 
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The  great  field  of  irrigation,  however,  lies  west  of  the  Mississippi,  and  I  hope  that 
in  that  section  we  may  have  the  cooperation  of  all  the  station  workers.  It  seems  to 
me  that  there  is  no  greater  opportunity  presented  than  that  of  being  instructors  and 
guides  to  the  new  comers  from  the  humid  sections  of  the  East,  to  whom  the  problems 
of  irrigation  are  strange  and  new,  as  well  as  to  assist  in  the  solution  of  the  more  com- 
plicated questions  which  beset  those  who  already  have  their  homes  and  interests  there. 

E.  J.  Wickson,  of  California,  read  the  following  paper: 

Notes  on  Irrigation  op  Deciduous  Fruits. 

Although  irrigation  practice  must  be  in  the  main  regulated  by  local  conditions, 
and  though  it  is  unwise  to  claim  too  wide  applicability  for  the  teachings  of  local 
experience,  there  are,  of  course,  principles  of  irrigation  policy  which  are  universal 
in  their  import,  and  these  can  be  gained  by  induction  from  wide  local  experience. 
From  this  point  of  view  there  may  be  a  few  suggestions  drawn  from  the  California 
experience  which,  will  be  pertinent  and  instructive  to  beginners  throughout  the 
greater  arid  region  of  the  interior  States  and  Territories,  though  the  local  conditions 
of  soil  and  climate  which  prevail  there  may  be  very  different. 

California  fruit  growers  have  been  engaged  for  nearly  forty  years  in  the  attempt 
to  convince  themselves  that  it  is  wrong  to  irrigate  deciduous  fruit  trees  and  grape- 
vines. They  have  tried  to  make  a  virtue  of  nonirrigation,  and  have  been  disposed 
to  claim  that  to  apply  water  artificially  to  such  growths  was  a  horticultural  sin.  It 
is  now  coming  to  be  very  clearly  recognized  that  there  is  neither  virtue  nor  sin  in 
irrigation  itself,  but  there  may  be  both  in  the  irrigator.  Practice,  therefore,  is  com- 
ing to  establish  itself  squarely  on  the  simplest  principles  of  plant  physiology  (and  of 
common  sense  as  well) ,  that  any  plant  to  be  profitable  must  have  a  moisture  supply 
adequate  to  its  best  growth,  and  that  it  is  correct  horticulture  to  secure  this  for  the 
plant.  If  there  is  enough  rainfall  and  the  soil  and  its  cultivation  can  retain  the 
water  within  reach  of  the  plant  while  it  makes  ite  growth,  matures  satisfactory  fruit, 
and  holds  its  foliage  in  good  active  condition  until  ample  preparation  is  made  for 
next  year's  duty  of  the  plant,  then  irrigation  is  horticulturally  wrong,  because 
unnecessary.  But  if  the  plant  is  unable  to  discharge  any  of  its  proper  functions 
through  lack  of  moisture,  even  though  the  rainfall  is  large,  this  lack  must  be  sup- 
plied, or  the  grower  must  be  content  with  small,  tough,  flavorless,  and  odorless 
fruit,  and  weak  fruit  buds  or  fruitless  branches  the  following  year. 

It  is  very  evident  now  that  the  old  controversy  as  to  whether  irrigation  benefited 
or  injured  fruit  or  nursery  trees  was  a  waste  of  time.  It  is  rather  strange  that  those 
who  showed  their  specimens  and  cited  their  experiences  for  and  against  irrigation 
did  not  sooner  perceive  that  their  evidence  fully  demonstrated  both  sides  of  the 
question,  and  pointed  to  the  conclusion  that  irrigation  is  both  essential  and  unneces- 
sary— according  to  local  conditions.  This  is  the  truth  almost  universally  recognized 
in  California  at  the  present  time  with  reference  to  the  use  of  irrigation  water  on 
deciduous  fruit  trees  and  vines. 

To  those  in  other  arid  regions  who  are  thinking  along  these  lines  it  may  be  inter- 
esting to  follow  a  brief  outline  of  the  conditions  which  determine  the  use  or  useless- 
ness  of  irrigation.    The  determining  factors  are: 
.  The  annual  rainfall; 

The  character  of  the  soil  and  situation;  and 

The  cultivation. 

These  factors  are  all  interrelated;  each  can  partially  replace  the  other,  and  each  in 
turn  may  become  the  ruling  factor  and  determine  the  question,  or  all  may  be 
mutually  involved  in  the  determination.    For  example: 

Rainfall  of  10  inches,  or  even  less,  on  deep  alluvial  soil,  through  which  moisture 
moves  by  underflow  from  adjacent  streams  or  distant  irrigation  ditches,  or  by  seepage 
from  mountain  sides,  may  be  ample  to  produce  fruit  of  the  largest  size  and  finest 
quality,  even  with  slack  cultivation  and  no  surface  irrigation.  In  this  case  the  situa- 
tion in  its  relation  to  subterranean  water  supply  is  the  ruling  factor. 

Rainfall  of  15  inches  on  deep,  retentive  loam,  with  the  best  cultivation  will  pro- 
duce excellent  growth  of  young  fruit  trees,  but  as  the  trees  attain  bearing  age  and 
produce  large  fruit  crops  the  fruit  is  apt  to  be  small,  the  bearing  irregular,  and 
the  wood  growth  short  and  weak.  In  this  case  the  insufficient  rainfall  is  the  ruling 
factor. 

Rainfall  of  25  inches  with  deep,  retentive  soil  and  thorough  summer  cultivation  to 
prevent  surface  evaporation,  will  yield  first-class  deciduous  fruits  without  irrigation. 
The  same  rainfall  on  the  same  soil  with  slack  cultivation  may  give  inferior  fruit  and 
stunted  trees.    In  such  a  case  the  cultivation  is  the  ruling  factor. 
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Rainfall  of  50  inches  on  a  shallow,  retentive  soil  upon  a  sloping  bed  rock,  and  with 
the  best  summer  cultivation,  may  not  bring  even  an  early  peach  to  perfection  with- 
out irrigation.  The  soil  has  not  sufficient  depth  to  retain  the  moisture,  though  its 
character  be  retentive,  and  no  amount  of  cultivation  will  take  the  place  of  the  water 
which  was  lost  by  surface  flow  and  by  underflow  along  the  impervious  layer  below. 
In  such  a  case  the  soil  is  the  ruling  factor. 

Rainfall  of  75  inches  on  coarse,  leachy  soil,  either  when  shallow  and  upon  sloping 
bed  rock,  or  when  deep  and  resting  on  gravel,  may  not  produce  satisfactory  fruit, 
ever*  if  well  cultivated,  unless  a  summer  water  supply  by  irrigation  is  provided, 
and  then,  owing  to  the  character  of  the  soil,  the  use  of  water  must  be  frequent.  Here 
again  the  soil  is  the  ruling  factor. 

It  would  take  too  much  space  to  multiply  instances  of  this  kind.  There  are  almost 
endless  combinations  in  which  these  factors  arrange  themselves  in  California,  and 
the  conclusion  of  the  whole  matter  must  be  that  each  locality,  and  sometimes  each 
orchardist  in  the  locality,  must  determine  the  advisability  of  irrigation  according  to 
local  conditions. 

This  being  the  case,  it  is  very  important  to  be  able  to  recognize  the  indications 
which  point  to  the  necessity  of  irrigation.  One  should  be  very  sure,  first  of  all,  that 
he  has  exhausted  all  the  resources  of  cultivation,  because  it  is  cheaper  to  cultivate 
than  to  irrigate,  especially  as  irrigation  does  not  give  the  grower  any  release  from 
cultivation;  irrigation  is  not,  according  to  the  light  of  experience,  a  substitute  for 
cultivation,  though  cultivation  may  in  many  cases  be  a  substitute  for  irrigation.  I 
have  no  doubt  that  in  many  instances  in  the  interior  of  the  country  there  is  not  the 
crying  need  for  irrigation  for  fruit  trees  which  some  suppose.  I  believe  there  are 
many  places  where  the  natural  water  supply  would  be  sufficient  if  it  were  not  allowed 
to  fly  away  from  a  hard  surface,  exposed  to  drying  sun  and  wind.  Fortunately  the 
subject  of  the  earth  mulch  as  a  conservator  of  soil  moisture  is  much  better  understood 
now  than  formerly.  No  one  who  puts  out  fruit  trees  and  sees  them  suffering  in  the 
midst  of  a  ripening  grain  crop,  or  surrounded  by  a  hard  surface  under  a  cloak  of 
clods,  or  lost  in  a  waste  of  weeds,  has  any  right  to  conclude  that  his  trees  need  irri- 
gation. That  conclusion  can  be  warranted  only  after  the  trees  have  had  the  advan- 
tage of  deep  plowing  before  planting,  and  of  one  or  two  plowings  and  six  or  eight 
thorough  surface  cultivations  each  year  afterwards.  If,  with  such  help  in  root  exten- 
sion, and  such  protection  from  water  waste  by  evaporation,  the  trees  show  distress, 
and  the  soil  on  digging  shows  dryness,  then  irrigation  should  be  provided. 

The  need  or  desirability  of  irrigation  depends,  then,  upon  local  conditions  of  rain- 
fall, soil,  and  situation,  and  the  retention  of  natural  moisture  by  cultivation.  The 
next  proposition  is,  how  can  the  local  need  be  determined,  and  what  conditions 
should  be  considered  significant? 

The  theoretical  conclusions  as  to  the  needs  and  available  supply  of  the  plant  by 
determination  of  its  water  content,  the  total  amount  of  evaporation  from  its  surfaces, 
and  calculation  of  the  loss  of  water  by  drainage  and  evaporation  from  the  soil  to 
show  what  amount  of  rainfall  or  irrigation  can  be  held  for  plant  use,  are  all  interesting, 
but  all  the  inductions  from  such  data  necessarily  involve  such  wide  variation  that 
they  do  not  constitute  a  guide  to  local  and  individual  practice. 

The  discussion  already  given  has,  I  hope,  shown  that  it  is  impossible  to  set  up 
arbitrarily  any  exact  standard  of  the  moisture  requirements  of  plants  in  terms  of 
rainfall.  Professor  King  has  clearly  shown  by  his  work  at  the  Wisconsin  Station 
that  even  the  traditional  conception  of  sufficiency,  as  embodied  by  generations  of 
observation  m  a  humid  climate,  is  wrong,  because  supplementary  irrigation  notably 
increased  the  crop  in  his  experiments.  The  conclusion  of  the  whole  matter  is  that 
intelligent  observation  upon  the  behavior  of  the  plant  is  at  least  the  most  practical 
way  to  determine  its  needs,  and  that  the  plant  itself  will  indicate  its  wants  in  terms 
which  a  careful  grower  can  clearly  understand.  This  is  the  conclusion  which  the 
California  grower  of  deciduous  fruits  has  reached,  and  this  conclusion  is  significant 
to  all  growers  of  these  fruits  anywhere  in  the  arid  region,  if  not,  indeed,  everywhere. 

Without  any  attempt  to  cite  any  of  the  interesting  and  important  recent  discov- 
eries of  plant  physiologists  and  pathologists,  as  to  the  relations  of  moisture  supply  to 
cell  growth  and  hygiene,  it  will  serve  the  present  purpose  to  proceed  at  once  to  the 
more  obvious  manifestations  which  comprise  the  horticultural  behavior  of  the  plant. 
These  would  include — 

The  size,  color,  and  texture  of  the  foliage; 

The  length  and  strength  of  the  wood  growth ; 

The  size,  texture,  and  aroma  of  the  fruit ;  and 

The  maturing  of  the  wood,  the  character  of  the  fruit  buds,  and  the  bearing  habit 
of  the  tree. 
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It  is  true  that  all  these  manifestations  are  conditioned  upon  the  fertility  of  the  soil, 
as  well  as  upon  adequateness  of  the  moisture  supply,  and  suggest  the  fact  that  the 
relations  of  fertilization  and  irrigation  are  pertinent  to  the  discussion.  But  Califor- 
nians  have  learned  that  they  have  often  rushed  for  fertilizers  when  they  only  needed 
water,  and,  presumably,  this  is  also  the  case  widely  over  the  newer  half  of  the  coun- 
try, known  as  the  arid  regions.  The  Western  fruit  planter  usually  has  to  deal  with 
soils  which  are  only  worn  on  the  surface  by  shallow-rooting  crops,  if  at  all.  His 
trees  and  vines  strike  at  once  for  lower  stores  of  plant  food,  for  the  soils  of  the  arid 
region  are  usually  deep  and  rich  below,  and  the  young  orchard  seldom  suffers  for 
food.  It  is  drink  which  it  needs,  not  only  directly  for  its  own  growth,  but  indirectly 
also  to  render  the  plant  food  available.  The  relations  of  fertility  to  the  manifesta- 
tions cited  above  may,  therefore,  be  ruled  out  of  this  discussion,  and  I  proceed  upon 
the  supposition  that  the  soil  is  rich  enough  for  present  needs. 

Fertility  aside,  then,  if  the  tree  or  vine  has  healthy  roots,  and  is  not  preyed  upon 
by  pest  or  parasite,  its  poor  leaf  growth,  will  manifest  its  need  of  water.  One  of  the 
first  lessons  of  the  fruit  grower  should  be  to  learn  the  characteristic  foliage  of  each 
fruit  variety  he  grows,  and  to  form  a  correct  ideal  of  its  normal  condition.  It  should 
be  his  aim  to  have  size,  depth  of  verdure,  and  thickness  of  leaf  up  to  that  normal 
for  the  kind,  and  small,  scant  foliage,  heightening  of  color,  and  thinning  of  substance, 
or  any  one  of  these  characters,  should  warn  him  of  threatening  danger  to  the  tree. 
Prospect  the  soil  with  a  spade.  Just  below  its  dry,  well  pulverized  surface  the  soil 
should  be  moist,  but  not  wet.  Deeper  digging  should  show  moisture  continuously 
downward.  If,  on  the  other  hand,  as  sometimes  happens  in  the  arid  region  at 
least,  there  is  moisture  in  the  first  foot,  and  dry  hardpan,  or  gravel,  below,  he  should 
irrigate  his  trees  as  soon  as  possible,  and  arrange  afterwards  to  apply  the  water  before 
the  tree  reminds  him  of  its  need. 

Other  conditions  being  right,  a  tree  which  does  not  start  out  briskly  in  the  early 
part  of  the  season  toward  a  good,  strong,  and  generous  growth  of  new  wood  needs 
irrigation.  It  is  impossible  to  say  what  that  season's  growth  should  be  in  inches  or 
feet.  That  depends  upon  the  kind  of  tree,  and  the  local  climate  as  well.  But  vigor 
in  wood  growth  can  be  recognized  without  measurements,  by  anyone  who  knows 
trees,  and  the  beginner  should  educate  himself  to  recognize  it  by  observation  of  the 
same  kind  of  trees  on  the  places  of  older  growers,  and  by  asking  a  few  orchard  les- 
sons from  them.  It  is  true  that  good  wood  growth  is  related  to  leaf  growth,  and 
continuation  of  good  leaves  means  good  wood;  but  the  separation  is  here  made  for 
emphasis,  and  to  call  attention  to  the  fact  that  one  may  be  reassured  by  a  good,  early 
leaf  growth,  and  neglect  to  observe  that  water  supply  is  failing,  and  the  continuation 
of  the  growth  is  not  up  to  the  early  effort.  Too  late,  perhaps,  to  prevent  it  by  a 
generous  irrigation,  he  finds  that  the  leaves  have  lost  the  color,  succulence  and  pose 
which  are  characteristic  of  strong,  healthy  vegetation  in  the  tree,  the  terminal  bud 
will  be  prematurely  formed,  twigs  will  be  slender  through  lack  of  healthy  leaf  action 
and  sap  flow,  and  the  tree  takes  on  winter  dress  when  it  should  be  still  active  in  its 
growth  processes.  When  this  occurs  an  exploration  of  the  soil  will  show  dryness 
which  could  have  been  prevented  by  irrigation. 

The  foregoing  manifestations  of  thirst  are  to  be  found  on  young  orchard  trees  and 
vines.  The  bearing  tree  and  vine  have  these  also,  together  with  still  more  striking 
appearances.  The  tyro  in  fruit  growing  may  not  observe  the  signs  of  distress  in  his 
young  tree,  through  lack  of  knowledge  of  what  its  appearance  should  be,  but  only  a 
careless  or  stupid  man  can  fail  to  have  his  attention  arrested  by  a  yield  of  small, 
leathery,  juiceless,  and  ill-flavored  fruit.  Such  fruit  is  the  product  of  a  famished  or 
overburdened  tree;  for  it  is  true  that  by  resolute  thinning  of  the  fruit,  both  by  pruning 
out  excess  of  bearing  wood  and  by  absolute  reduction  of  numbers  of  fruits  by  hand 
picking  when  the  tree  has  passed  through  its  natural  "drop,"  a  tree  can  be  made  to 
mature  fruit  of  good  size  and  quality,  while  if  allowed  to  overbear  its  product  will  be 
worthless.  But  if  this  relief  of  the  tree  has  been  provided  in  proper  season,  and 
still  the  fruit  is  small  and  deficient  in  tenderness,  juiciness,  and  flavor,  though  the 
soil  is  well  cultivated,  the  tree  needs  irrigation,  no  matter  how  great  the  rainfall  has 
been  earlier  in  the  season.  This  statement  is  intended  to  be  flatly  contradictory  of 
the  view  that  better  fruit  can  be  had  without  irrigation  than  with  it.  Irrigation  has 
been  charged  with  destruction  of  flavor  and  keeping  quality  of  fruit,  but  the  charge 
should  be  laid  against  the  abuse  of  irrigation,  or  excessive  irrigation,  and  not  against 
the  wise  use  of  it.  It  is  one  of  the  clearest  deductions  from  experience  in  California, 
that  where  the  natural  moisture  is  inadequate,  as  in  fact  it  always  is  in  some  of  our 
soils  and  situations,  not  only  is  marketable  size  secured  by  the  use  of  irrigation,  but 
delicacy  of  flavor  and  richness  of  aroma  are  also  secured.  The  foothill  peaches  of 
California  are  proverbial  for  the  possession  of  these  qualities,  and  they  are  almost 
without  exception  irrigated  fruit.    Unirrigated  fruit  is  not  better  than  wisely  irri- 
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gated  fruit,  but,  of  course,  unirrigated  fruit  from  trees  which  have  adequate  natural 
moisture  is  better  than  fruit  from  trees  unnecessarily  or  excessively  irrigated.  The 
fallacy  involved  in  the  claim  of  superiority  of  unirrigated  fruit  has  been  productive 
of  much  loss  and  disappointment.  Plantings  have  been  made  on  this  claim,  where 
water  was  not  available  for  irrigation,  and  though  natural  moisture  was  adequate  for 
the  growth  of  the  young  trees,  the  needs  of  the  bearing  tree  were  beyond  all  that 
could  be  had  from  the  clouds,  though  husbanded  by  the  most  thorough  cultivation. 
During  the  last  few  years  large  and  profitable  investments  have  been  made  to  secure 
adequate  moisture  for  such  trees  by  providing  irrigation  facilities. 

There  is  still  another  manifestation  of  thirst  in  a  tree,  which  it  is  of  the  highest 
importance  that  the  grower  should  learn  to  recognize.  It  is  the  last  cry  for  water 
which  the  tree  makes  in  the  course  of  the  season.  It  may  have  been  amply  supplied 
for  its  foliage,  wood  growth,  and  fruit  to  find  its  resources  fail  when  the  fruit  ripens. 
This  is  the  cas«  chiefly  with  early  and  midseason  kinds  and  varieties.  Late  fall  and 
winter  fruits  require  a  longer  duration  of  moist  ground,  but  with  them  the  fruit  itself 
remains  to  manifest  the  need  by  its  inferiority.  The  earlier  fruit  has  been  gathered  and 
the  appearance  of  the  tree  alone  remains  to  warn  the  grower  of  the  need.  If  the  foliage 
ripens  prematurely  it  is  unable  to  contribute  fully  its  final  service  to  the  tree  in  the 
thickening  of  the  wood  and  the  plumping  out  of  the  fruit  buds  for  the  following  year. 
The  result  is  similar  to  that  produced  by  allowing  a  tree  to  overbear,  and  it  avenges 
itself  upon  the  grower  by  taking  to  itself  a  year  of  rest  from  bearing  for  its  own 
recuperation.  The  cure  is  a  copious  irrigation  as  soon  as  the  fruit  is  gathered.  This 
stimulates  the  tree  to  proceed  with  its  work,  and  it  is  the  surety  of  the  following 
year's  return.  Such  an  irrigation  must  not  be  delayed  until  the  tree  shows  by  its 
distress  that  it  can  do  no  more.  If  such  a  course  is  followed  the  tree  is  apt  to  be 
awakened  from  its  semidormancy  to  make  a  new  attempt  at  wood  growth,  and  a  new 
break  of  laterals  too  late  in  the  season  results.  The  grower  must  anticipate  the  need 
of  the  tree  and  apply  the  water  before  its  distress  appears,  and  then  the  only  manifes- 
tation, usually,  will  be  the  continued  verdure  and  vigor  of  the  foliage  and  the  proper 
discharge  of  its  function  in  the  strengthening  of  the  buds  and  wood  growth  already 
undertaken  by  the  tree.  During  the  last  few  years  California  growers,  in  localities 
where  formerly  the  need  of  irrigation  for  deciduous  fruits  was  scouted,  have  made 
wide  investments  for  the  midsummer  refreshment  of  bearing  trees,  and  have  fomid 
great  profit  in  this  course.  Of  course  it  is  not  needed  everywhere.  Where  natural 
moisture  is  adequate  for  fruit  bearing  and  proper  aftergrowth  in  the  tree,  irrigation 
is  evidently  not  required. 

A.  B.  Leckenby  advocated  the  nationalization  of  irrigation  enterprises. 

S.  M.  Emery,  of  Montana,  thought  it  desirable  for  the  Western  stations  to  popu- 
larize their  work.  The  Montana  station  is  attempting  to  carry  the  farmer  along  with 
it  in  all  its  work,  and  to  get  him  interested  in  college  and  station  work.  "  Now  that 
we  have  got  the  farmers  to  look  to  us  for  help,  we  are  doing  them  more  good  than  if 
we  had  been  engaged  all  these  years  upon  problems  in  which  the  farmer  imagines  he 
has  no  interest. ' ' 

B.  C.  Buffum  stated  that  "the  fundamental  principles  of  irrigation  are  the  same 
everywhere.  The  plant  must  have  water;  and  we  find  that  although  evaporation 
and  the  amount  of  water  required  by  the  plant  in  the  arid  region  is  different  from 
that  in  the  East,  the  amount  of  water  actually  applied  by  us  in  irrigation  in  Wryoming 
corresponds  closely  with  the  amount  Professor  King  found  to  be  needed  by  the  crop 
in  Wisconsin." 

W.  J.  Spillman,  of  Washington,  suggested  the  desirability  of  investigation  as  to  the 
varieties  of  plants  which  can  be  grown  on  lands  where  the  rainfall  is  limited.  ' '  In 
the  State  of  Washington  we  have  been  compelled,  because  clover  and  timothy  are  not 
profitable  crops  on  wheat  land,  to  search  for  other  crops  that  are  valuable.  We  have 
attempted  during  five  years  to  grow  as  many  as  600  plants.  Those  proving  vigorous 
growers  have  been  cultivated  on  a  large  scale.  We  i.ave  found  that  there  are  some 
plants  that  apparently  make  a  large  yield  of  good  feeding  material  with  a  rainfall 
which  is  very  much  less  than  would  ordinarily  be  considered  necessary  for  profitable 
agriculture.  Now,  I  want  to  suggest  to  those  whose  conditions  are  similar  to  ours  that 
they  will  find  it  a  valuable  field  for  investigation  to  search  for  crops  that  may  be 
profitably  grown  with  a  small  amount  of  water.  It  has  often  occurred  to  me  that 
the  grasses  which  have  been  cultivated  for  hundreds  of  years  came  in  a  haphazard 
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way  by  accident,  and  I  believe  that  all  the  grasses  growing  in  different  parts  of  the 
world,  if  they  were  all  tried  systematically,  would  be  practically  certain  to  afford  us 
a  dozen  grasses  better  than  any  now  in  cultivation." 

The  nominating  committee,  W,  A.  Withers,  T.  F.  Hunt,  and  B.  C.  Buffum,  pre- 
sented the  following  for  officers  of  the  section: 

For  chairman,  L.  G.  Carpenter,  of  Colorado. 

For  vice-chairman,  H.  J.  Patterson,  of  Maryland. 

For  secretary,  C.  D.  Woods,  of  Maine. 

These  were  confirmed  in  general  session  (p.  48) . 

The  subject  of  range  feeding  was  then  taken  up. 

C.  D.  Smith,  of  Michigan.  I  find  in  our  State  that  the  farmers  have  been  led  to 
believe  that  the  only  possibility  of  making  money  in  the  dairy  is  in  the  purchase  and 
maintenance  of  Jerseys  and  Holsteins  of  a  very  high  type.  I  find  the  farmers  gen- 
erally discouraged  in  the  dairy  business,  because,  assuming  the  truth  of  this  proposi- 
tion, they  are  in  a  position  where  it  is  impossible  to  obtain  the  type  of  cow  held  out 
as  absolutely  necessary  for  success.  I  believe  myself  that  a  high  type  of  dairy  cow  in 
the  hands  of  a  man  of  low-class  dairy  intelligence  is  valueless.  I  believe  the  man 
and  the  cow  are  almost  universally  of  the  same  grade.  I,  persuaded  the  board  of 
agriculture  in  the  State  of  Michigan  to  permit  me  to  use  a  grade  of  Shorthorns,  such 
as  can  be  had  in  that  State.  I  used  one  or  two  cows  that  had  been  brought  in  from 
Colorado,  and  others  (29  in  all)  were  obtained  at  different  places  in  Michigan.  That 
is  the  genesis  of  the  herd,  and  I  think  that  as  now  constituted  it  is  of  about  the  same 
grade  as  the  best  class  of  range  cattle  in  Colorado,  New  Mexico,  and  Arizona,  except 
that  whereas  the  latter  cattle  are  largely  bred  to  Her  iords,  the  cattle  I  had  were  very 
largely  Shorthorn,  both  in  type  and  breeding.  They  are  unmistakably  beef  animals, 
but  their  big  bellies  and  udders,  while  not  well  balanced,  indicate  capabilities  in  the 
line  of  milk  production. 

The  point  I  was  after  wTas  this:  To  find  out  whether  the  dairymen  in  the  State  of 
Michigan  who  had  good  Shorthorn  cows  could  expect  to  reap  a  profit  in  the  dairy 
business;  whether  cows  of  the  Shorthorn  type,  or  range  type,  as  you  may  choose  to 
call  it,  were  capable  of  producing  a  profit  when  well  handled.  The  results  are  found 
in  a  bulletin  of  the  Michigan  Station.1  Suffice  it  to  say  that  of  that  herd  of  29  cows 
16  gave  300  pounds  of  butter  a  year.  One  (a  range  cow)  gave  431  pounds  of  butter 
in  the  milking  period.    In  the  year  the  highest  record  was  330  pounds. 

So  much  for  the  result  as  to  the  milking  possibilities  of  the  herd.  It  was  a  sur- 
prise to  me  to  find  that  there  could  be  gathered  in  the  State  of  Michigan,  without 
special  skill  on  the  part  of  the  purchaser,  a  herd  of  cows,  probably  fairly  representing 
the  average  of  the  cows  of  the  country,  that  should  make  such  a  record.  I  began  to 
think  that  the  anathemas  visited  upon  the  poor  cow  in  .New  York  and  elsewhere 
should  have  been  visited  upon  the  heads  of  the  owners. 

One  of  the  main  questions  in  the  dairy  business  is  the  careful,  judicious  feeding  of 
the  cows,  and  not  alone  the  selection  of  cows  of  a  high  type.  I  therefore  say  that 
among  other  possibilities  of  the  Shorthorn  and  other  cows  of  the  range  type  is  a 
possibility  of  high  production  along  dairy  lines.  I  am  not  liable  in  this  audience  to 
misinterpretation.  No  man  can  transform  a  poor  cow  into  a  high-type  dairy  animal; 
but  a  good  feeder  may  take  the  average  range  cow  and  hope  to  develop  her  in  a  single 
year  into  a  cow  averaging  300  pounds  of  butter. 

In  other  words,  dairymen  need  not  wait  until  they  can  get  high-class  Jerseys  and 
Holsteins  before  they  may  expect  to  reap  a  profit  from  their  cows.  Even  with  the 
cows  they  have  they  can  hope  for  financial  success.  That  is  the  point,  and  the  only 
one,  I  want  to  make. 

H.  E.  Stockbeidge,  of  Florida.  There  is  in  Texas,  Georgia,  and  other  States  an 
enormous  number  of  range  cattle  that  possess  no  trace  whatever  of  Shorthorn  or  beef 


1  Michigan  Sta.  Bui.  166  (Experiment  Station  Record,  11,  p  188). 
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blood.  They  are  distinctly  range  cattle,  recognized  by  the  breeders  of  these  States  as 
range  cattle — piney-woods  cattle.  When,  therefore,  the  statement  is  made  that  certain 
results  have  been  obtained  with  range  cattle,  they  may  erroneously  apply  these  condi- 
tions to  their  own  animals.  It  may  surprise  you,  possibly,  if  I  make  a  statement  that 
can  be  borne  out  by  statistics — that  in  Florida  alone  within  the  last  twelve  months  over 
10,000  head  of  range  cattle  have  been  shipped  to  Cuba  alone.  These  are  distinctly 
and  solely  range  animals,  and  to  these  the  deductions  of  Professor  Smith  might  not 
be  applied  with  propriety. 

A  short  paper  by  W.  W.  Cooke,  of  Colorado,  on  the  range  feeding  of  cattle,  was  read. 

H.  T.  Feexch,  of  Idaho.  I  present  the  subject  of  finishing  range  cattle,  not  with 
the  view  of  giving  special  information  to  those  present,  but  to  call  attention  of  exper- 
imenters throughout  the  Western  States,  especially  the  Northwestern  States,  and 
incidentally  those  in  the  East,  to  some  special  problems  that  confront  us  at  the  pres- 
ent time.  There  is  a  rapid  transition  taking  place  in  the  management  of  range  cat- 
tle, particularly  in  the  Northwestern  States.  There  is  a  struggle  just  now  between 
the  sheep  and  the  cow.  The  introduction  of  sheep  on  the  range  has  made  it  more 
difficult  to  place  range  steers  on  the  market  in  as  good  condition  as  formerly.  Sheep 
are  now  fed  on  the  range  throughout  these  Northwestern  States  in  vast  numbers.  For 
instance,  Idaho  has  over  2,000,000  sheep.  Those  sheep  are  occupying  a  range  which 
at  one  time  furnished  an  abundance  of  feed  for  cattle,  and  finished  them  almost  the 
year  round  for  the  butcher,  but  now  there  are  only  a  few  months  on  the  range  that 
the  cattle  are  considered  finished  for  the  market. 

There  are  five  or  six  months  at  least  when  it  is  impossible  to  get  prime  beef  from . 
the  range,  and  a  few  days  ago  a  man  in  southern  Idaho,  who  has  8,000  to  10,000 
head  of  cattle,  said  he  would  have  to  go  out  of  the  business  unless  he  could  get  a 
means  of  preparing  cattle  for  the  market  when  he  wanted  to  dispose  of  them.  Only 
three  or  four  months  in  the  summer  were  they  fit  for  that  purpose.  From  January 
to  May  they  were  ill  fitted  for  the  market  on  account  of  the  scarcity  of  grass.  Before 
the  sheep  were  placed  on  the  range  the  grass  was  abundant;  and  this  grass,  matured 
on  the  ground,  would  fatten  steers  as  well  as  a  grain  ration  would  under  other  condi- 
tions. Now,  as  to  the  question  of  finishing  these  steers,  there  are  two  points  that  I 
want  to  mention.  One  is  the  possibility  of  establishing  grasses — alfalfa  and  clovers — 
on  which  these  steers  may  be  finished  in  fields,  and  the  other  is  the  matter  of  stall 
feeding. 

As  to  the  first  point,  it  is  found  that  over  a  large  portion  of  this  country,  if  it  were 
possible  to  grow  alfalfa  or  clover,  the  cattle  could  be  placed  in  the  fields  in  the  fall 
when  the  pasture  becomes  scanty  or  fed  in  sheds,  and  in  that  way  could  be  jDrepared 
for  the  market.    The  great  problem,  therefore,  is  to  introduce  these  plants. 

Another  problem  that  has  confronted  us  in  southern  Idaho  is  the  quality  of  the 
beef  product  from  feeding  alfalfa  hay  alone. 

The  beef  is  said  to  be  of  inferior  quality.  This  suggests  the  need  of  the  introduc- 
tion of  a  variety  of  grasses  to  be  grown  along  with  alfalfa.  For  a  great  many  years 
it  was  thought  that  in  this  irrigated  region  it  would  be  impossible  to  grow  timothy 
and  other  grasses  with  the  alfalfa,  but  it  is  found  to  be  entirely  practicable,  and  a 
great  field  is  thus  opened  up  for  experiment  in  this  line. 

A  few  years  ago  experiments  were  undertaken  by  some  stations  in  the  stall  feed- 
ing of  range  cattle.  I  carried  on  some  experiments  in  cattle  feeding  in  1892,  1893, 
and  1891  in  Oregon,  but  at  that  time  the  price  of  beef  was  very  low,  and  we  were  com- 
pelled to  sell  the  finished  steer  at  2|  cents  a  pound,  which  precluded  large  profits. 
But  the  conditions  have  changed  very  greatly.  At  the  present  time  beef  and  mut^ 
ton  sold  throughout  the  coast  region  is  bringing  a  good  price,  thus  insuring  a  hand- 
some profit  to  the  feeder.    Mutton  especially  is  in  great  demand. 

Now,  the  question  arises,  How  can  we  finish  the  range  steer  in  the  stall?  I  know  a 
great  many  experiments  have  been  carried  on;  many  practical  demonstrations  of 
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the  value  and  possibilities  of  feeding  steers  in  yards  on  headed  wheat,  grasses,  and 
sheaf  wheat — even  whole  wheat  and  oats  have  been  fed  to  quite  an  extent.  Of 
course  such  methods  mean  a  loss,  and  we  should  do  something  to  assist  the  farmers 
in  feeding  more  economically  and  consequently  with  greater  profits.  One  question 
always  comes  up,  whether  it  is  possible  to  confine  the  range  steer  in  a  stall  for  three 
months  and  get  good  results.  My  experience  is  that  he  does  very  well  when  placed 
in  close  confinement.  I  do  not  think  he  needs  much  exercise.  The  greatest  danger 
is  that  he  will  take  too  much  exercise. 

I  have  found  that  such  cattle  were  healthy,  maintained  a  good  appetite,  and  took 
on  flesh  in  close  confinement.  For  three  succeeding  years  at  the  Oregon  Experiment 
Station  I  fed  range  steers. 

At  first  they  did  not  know  what  a  barn  was  for.  We  often  had  to  draw  them  into 
the  stall  with  a  rope  and  pulley  and  put  a  chain  around  their  necks  to  tie  them  up. 
It  would  seem  absolutely  impossible  to  make  an  animal  under  those  conditions  take 
on  flesh  rapidly  and  become  fat,  but  we  found  that  in  two  or  three  weeks  they  would 
become  docile  and  take  on  flesh  very  readily. 

According  to  results  published  in  a  bulletin  of  the  Oregon  Station,1  you  will  see  we 
make  such  steers  gain  two  and  three-tenths  pounds  per  day  from  December  to  April 
under  those  conditions.  So  I  think  it  is  possible  to  stall  feed  these  wild  cattle  in  close 
confinement  and  get  very  good  results.  Those  results  were  obtained  without  the  aid 
of  corn  except  as  a  green  food  or  silage.  I  wanted  to  call  the  attention  of  the  experi- 
menters along  this  line  to  the  question  of  feeding  without  the  aid  of  corn;  that  is,  by 
feeding  barley,  oats,  and  other  grains  that  can  be  grown  in  this  northwestern  coun- 
try, and  I  believe  that  better  returns  could  be  obtained  from  these  grains  than  have 
been  obtained  from  Avheat  alone. 

The  method  of  tying  these  animals  needs  attention.  Some  are  confined  with 
stanchions,  and  others  in  large  pens  without  tying,  which  I  do  not  believe  is  so 
desirable  as  tying  in  close  quarters.  . 

I  have  simply  thrown  out  these  suggestions  with  the  idea  of  creating  discussion  and 
interest  among  the  experimenters  with  regard  to  feeding  or  finishing  these  cattle.  I 
would  like  to  mention  also  the  sheep.  You  know  mutton  throughout  this  north- 
western country  is  sold  at  a  high  price,  and  yet  we  have  two  millions  of  sheep  in 
Idaho.  There  are  no  sheep  throughout  that  large,  extensive  grain-growing  region 
known  as  the  Palouse  region,  and  we  have  to  send  to  Oregon  or  Montana,  and  ship 
in  our  mutton  sheep,  because  no  work  has  been  undertaken  to  demonstrate  the  feasi- 
bility of  feeding  mutton  sheep  successfully  throughout  the  country.  I  think  we  ought 
to  enter  some  of  these  fields  and  solve  some  of  the  practical  questions  for  the  stock- 
men, so  that  they  can  handle  their  stock  successfully  on  the  range,  and  finish  it  for 
the  butcher. 

H.  P.  Armsby  gave  a  resume  of  "The  present  status  of  knowledge  concerning  the 
available  energy  of  feeding  stuffs."  The  available  energy,  or,  as  he  preferred  to  call 
it,  the  net  energy,  is  equivalent  to  the  difference  between  the  gross  energy  of  the 
food  and  that  of  the  excretory  products.  The  calculation  of  energy  from  the 
digestible  food  materials  was  discussed,  and  the  conclusion  was  reached  that  we  have 
not  yet  progressed  far  enough  to  formulate  feeding  standards  in  terms  of  energy. 

V.  K.  Chesnut,  of  the  U.  S.  Department  of  Agriculture,  read  a  paper  entitled 
* i Notes  on  a  preliminary  catalogue  of  plants  poisonous  to  stock."  This  paper  is  pub- 
lished elsewhere.1 

At  the  conclusion  of  the  reading  and  the  discussion  of  this  paper  the  section 
adjourned  sine  die. 


i  Oregon  Sta.  Bui.  37  (Experiment  Station  Record,  7,  p.  236) . 

2U.  S.  Dept.  Agr.,  Bureau  of  Animal  Industry  Annual  Rpt.  1898,  p.  387. 
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SECTION  ON  HORTICULTURE  AND  BOTANY. 


Meetings  of  this  section  were  held  on  the  afternoons  of  Wednesday  and  Thursday, 
July  5  and  6,  1899.  L.  H.  Pammel,  the  chairman,  presiding. 

On  invitation  of  the  proprietor,  the  Luther  Burbank  Seed  Farms  of  Santa  Kosa  and 
Sebastopol  were  visited. 

Alexander  Craw,  quarantine  officer  of  the  California  State  board  of  horticulture, 
read  the  following  paper: 

The  Inspection  of  Nursery  Stock  and  Orchards. 

The  subject  assigned  to  me  is  one  that  you  naturally  will  suppose  can  be  taken  up 
by  the  quarantine  officer  of  the  California  State  board  of  horticulture  and  presented 
in  such  a  manner  that  all  the  working  details  can  be  clearly  understood,  even  by  a 
novice.  The  character  of  the  work,  however,  makes  it  a  difficult  subject  to  handle 
on  paper  and  should  have  ocular  demonstration  for  instruction. 

California  was  the  first  State  to  recognize  the  necessity  of  formulating  laws  for  the 
protection  of  its  vast  and  increasing  horticultural  interests.  A  brief  reference  to  the 
early  efforts  of  fruit  growers  in  securing  legislation  in  this  State  may  be  of  interest  to 
this  assembly,  as  a  number  of  other  States  in  the  Union  have  adopted  or  are  consid- 
ering the  adoption  of  similar  laws. 

On  March  14, 1881,  an  act  to  protect  and  promote  the  horticultural  interests  of  the 
State  was  signed  by  the  governor  and  became  a  law.  Section  1  of  that  act  conferred 
the  power  upon  the  supervisors  of  any  county,  when  petitioned  by  five  or  more  persons 
who  were  resident  freeholders  and  possessors  of  an  orchard,  to  appoint  a  commission 
of  three  members,  to  be  known  as  a  county  board  of  horticultural  commissioners, 
whose  duties  were  to  supervise  the  destruction  of  insect  pests  within  their  county. 
Under  this  law  the  commissioners  could  take  no  action  unless  upon  complaint  of  some 
person  that  certain  orchards  contained  noxious  insects  that  were  liable  to  spread  to 
the  trees  or  fruit  of  the  complainant.  After  trial  this  law  was  found  defective,  as 
orchardists  did  not  feel  disposed  to  lodge  written  complaints  against  their  neighbors. 
The  law  was  subsequently  amended  whereby  it  required  the  signatures  of  twenty-five 
or  more  persons  to  the  petition  for  the  appointment  of  a  commission.  Section  2  of 
this  law  gave  the  commissioners  the  power  whenever  they  deemed  it  necessary  to 
cause  an  inspection  to  be  made  of  any  orchard,  or  nursery,  or  trees,  and  if  found 
infested  with  scale  bugs  or  other  injurious  insect  pests  to  cause  the  disinfection  of  the 
trees  or  fruit  within  a  specified  time.  If  the  owner  failed  or  refused  to  comply  with 
the  notice,  he  was  deemed  guilty  of  maintaining  a  public  nuisance  and  could  be  pro- 
ceeded against  for  such,  or  the  commissioners  could  abate  the  nuisance  and  the  expense 
would  become  a  lien  on  the  property.  The  enforcement  of  a  law  compelling  a  man 
to  clean  up  the  pests  in  his  orchard  for  the  protection  of  his  neighbors'  trees  was 
resented  at  first  by  some  and  required  considerable  educational  work  to  demonstrate 
to  them  that  it  was  a  good  business  proposition  to  get  rid  of  the  pests  on  their  own 
trees. 

A  determined  warfare  was  commenced  against  the  more  serious  insect  pests  in  the. 
various  fruit-growing  counties.  This  consisted  of  spraying  with  soap  solutions  pre- 
pared from  commercial  whale-oil  soap,  homemade  fish  oil  and  tallow  soaps,  as  well 
as  other  kinds  of  soaps,  also  kerosene  emulsion  and  other  insecticides. 

Experiments  were  conducted  by  orchardists  and  others,  and  frequently  some  new 
"kill  all"  was  announced.  Generally,  they  not  only  killed  the  scales,  but  the  trees 
as  well.  The  expense  of  kerosene  emulsion  and  the  difficulty  of  preparing  it  was  the 
principal  drawback  to  its  more  general  use. 

B.  M.  Lelong  finally  issued  a  formula  for  making  a  soap  that  could  be  prepared  in 
the  orchard  that  cost  a  fraction  under  1  cent  per  gallon,  when  diluted  to  the  proper 
strength  for  spraying.  This  was  extensively  used.  Albert  Koebele,  through  the 
suggestions  and  assistance  of  persons  in  Los  Angeles,  experimented  with  rosin  solu- 
tions in  the  Wolfskill  orange  groves  and  had  most  excellent  results  with  it  as  an  insec- 
ticide, both  as  regards  effect  upon  the  tree,  and  cheapness.  In  the  winter  of  1883-84 
Charles  Hobler,  a  sheep  owner,  now  living  in  Kings  County,  had  his  flock  in  Fresno 
County,  near  the  peach  orchard  of  Mr.  Scoville.  During  the  operation  of  dipping 
the  sheep  in  a  solution  of  lime,  sulphur,  and  salt  he  suggested  to  Mr.  Scoville  to 
try  some  of  the  wash  on  his  peach  trees,  that  were  seriously  infested  with  and  dying 
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from  the  attacks  of  the  so-called  ''San  Jose  scale"  (Aspidiotus  perniciosus) .  This  was 
done  by  throwing  the  solution  upon  the  trees  with  a  dipper.  The  attention  of  I.  H. 
Thomas,  of  Visalia,  and  N.  W.  Motheral,  of  Hanford,  both  at  that  time  horticultural 
commissioners  of  Tulare  County,  was  called  to  the  experiment,  The  result  was  so 
encouraging  that  they  made  more  extensive  tests.  Besides  proving  to  be  the  most 
effective  insecticide  for  this  destructive  scale  on  deciduous  trees,  it  is  also  a  good 
fungicide  and  preventive  of  leaf  curl  on  peach  and  nectarine  trees. 

From  letters  and  published  reports  received  from  the  Eastern  States,  this  wash  has 
not  been  as  effective  there  as  it  has  been  with  us.  This  is  probably  owing  to  their 
greater  rainfall,  for  it  can  hardly  be  the  fault  of  preparing  the  solution  or  in  its 
application. 

My  experience  in  fighting  scale  insects  on  citrus  trees  convinced  me  that  some 
other  method  than  spraying  would  have  to  be  devised  in  order  to  successfully  check 
such  pests,  as  the  most  expert  and  careful  sprayers — owing  to  the  dense  leafage  of 
such  trees — would  miss  enough  scales  so  that  the  trees  in  a  short  time  after  would 
be  as  seriously  infested  as  before.  This  was  during  the  time  that  the  cottony  cushion 
scale  (Icerya  purchasi)  was  doing  so  much  damage.  This  pest  was  introduced  upon 
some  trees  from  Australia  in  1868,  and  by  1884  had  spread  into  nearly  every  county, 
but  more  especially  in  the  orange  and  lemon  groves  of  the  southern  counties. 

Mr.  J.  W,  Wolfskill,  an  extensive  orange  grower  of  Los  Angeles,  and  I  discussed 
the  possibility  of  destroying  the  pests  by  fumigation.  He  put  up  the  money  for 
tents  and  other  experimental  requisites  and  we  conducted  numerous  experiments, 
a  list  of  which  is  given  in  the  United  States  Agricultural  Report  for  1887.  We  suc- 
ceeded in  killing  the  scales  and  their  eggs,  but  it  was  rather  a  slow  process.  This 
was  in  1885.  In  1886  D.  W.  Coquillett  was  sent  by  the  late  Professor  Riley  to  Los 
Angeles  and  called  at  the  Wolfskill  groves.  I  asked  him  what  line  of  experiments 
he  intended  conducting,  and  he  replied  that  it  was  to  thoroughly  test  the  kerosene 
emulsion  on  the  Icerya.  We  had  gone  carefully  through  this  and  found  that  with 
the  cheapest  diluted  solution  required  to  kill  the  scale  and  eggs  it  was  then  too  ex- 
pensive and  would  bankrupt  the  growers,  as  it  was  necessary  to  spray  two  or  three 
times  a  year.  I  called  Mr.  Coquillett' s  attention  to  trees  that  we  had  fumigated,  and 
he  wras  much  interested.  I  understand  he  wrote  to  Professor  Riley  for  permission  to 
make  experiments  with  fumigation,  but  received  no  encouragement.  Some  time 
after — through  a  lack  of  funds — his  services  were  dispensed  with.  Mr.  Wolfskill 
then  suggested  that  he  join  us  in  experiments  with  fumigation,  but  he  secured  a 
sheet  for  himself  and  was  granted  permission  to  conduct  his  tests  in  the  Wolfskill 
orchards.  One  of  the  first  experiments  he  made  was  with  hydrocyanic-acid  gas.  In 
that  test  he  had  an  excessive  charge  of  cyanid  of  potassium  and  sulphuric  acid,  and 
as  a  result  four-fifths  of  the  tops  of  the  trees  were  killed.  On  the  lower  portion  of 
the  tree,  where  the  twigs  and  leaves  were  not  so  seriously  damaged,  the  scales  and 
eggs  were  all  dead.  When  we  visited  his  quarters  a  few  days  after  the  experiment 
his  sheet  and  other  materials  had  the  appearance  that  he  had  left  in  a  hurry.  The 
reason  for  this,  I  afterwards  learned,  was  that  in  removing  the  sheet  from  the  tree 
he  was  treating  he  picked  up  the  bottom  of  it  and  endeavored  to  throw  it  off.  In 
doing  so  the  gas  came  in  contact  with  his  hands  and  face.  He  knew  the  deadly 
nature  of  the  gas,  so  did  not  inhale  it.  After  that  experience  he  was  not  disposed 
to  make  any  further  tests  in  this  line.  He  finally  consented  to  continue,  with  our 
assistance  and  the  use  of  Mr.  Wolfskill' s  outfit.  In  that  way  the  use  of  hydro- 
cyanic-acid gas  for  fumigating  orchard  trees  and  nursery  stock  was  developed.  The 
method  of  generating  the  gas  is  practically  the  same  to-day  as  was  used  in  the  first 
experiments.  Numerous  contrivances  were  invented  for  generating  the  gas,  but  they 
have  all  been  discarded.  Expensive  derricks,  hoods,  and  tents  have  been  invented, 
and  some  of  them  patented;  nearly  all  have  given  way  to  the  old-time  "sheet"  and 
"hoop"  or  "bell  tents." 

I  will  now  refer  to  the  inspection  and  disinfection  of  nursery  stock.  In  my  opinion 
if  such  work  had  been  undertaken  and  conscientiously  attended  to  twenty-five  or 
thirty  years  ago  we  would  now  have  very  little  need  of  orchard  inspection  or  disin- 
fection in  California.  I  think  I  can  confidently  assert  that  all  of  our  troublesome 
pests  in  the  orchards  of  this  State  are  introduced  species.  Early  publications  on  scale 
insects  unfortunately  gave  such  popular  names  as  the  red  scale  of  California  to  an 
Australian  insect  (Aspidiotus  aurantii) ,  the  black  scale  of  California  to  Lecanium  olese, 
introduced  on  plants  from  Europe,  and  San  Jose  scale  to  Aspidiotus  perniciosus  that  I 
feel  satisfied  was  brought  on  trees  from  Chili  to  San  Jose.  Such  names  create  the 
impression  that  California  is  their  native  home.  The  parasites  and  enemies  of  such 
insects  on  the  trees  or  plants  make  their  escape  and  we  receive  only  the  destructive 
species.    This  has  been  the  experience  of  other  States  and  countries  as  well. 

Mytilaspis  citricola  and  Mytilaspis  gloverii  were  serious  pests  in  Florida.  1  find  both 
scales  upon  fruit  and  trees  from  the  Orient,  so  I  believe  they  were  carried  on  trees  or 
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plants  from  there  to  Europe,  or  possibly  direct  to  Florida.  We  know  that  twelve 
years  ago  they  were  brought  from  Florida  to  this  State  on  citrus  trees. 

Parlatoria pergandii  was  described  by  Professor  Comstock  in  1879  from  specimens 
he  collected  on  orange  trees  in  Florida.  In  commenting  upon  it  he  wrote:  "Fre- 
quently it  may  be  found  on  Florida  oranges  in  the  Northern  markets,  but  I  have 
never  observed  it  on  imported  fruit,  and  as  I  have  not  yet  found  it  infecting  native 
plants  I  can  offer  no  suggestions  as  to  whence  it  came."  At  the  time  that  Mr.  Corn- 
stock  described  this  scale  he  had  not  seen  Parlatoria proteus,  and  since  then  P.  pergandii 
has  been  determined  to  be  P.  proteus.  There  is  no  question  in  my  mind  as  to  its 
original  home,  for  I  find  it  on  both  trees  and  fruit  from  China  and  Japan.  The 
present  experience  in  the  Eastern  States  with  the  so-called  San  Jose  scale  shows  the 
necessity  and  importance  of  inspecting  all  nursery  stock  entering  a  State,  or  even  a 
district;" also  its  thorough  fumigation  with  hydrocyanic-acid  gas. 

I  will  now  briefly  give  you  an  outline  of  our  method  of  inspection  and  the  disin- 
fection of  nursery  stock  that  arrives  in  the  State  from  foreign  countries.  Formerly 
we  worked  under  the  regulations  of  the  State  board  of  horticulture — the  board  hav- 
ing been  empowered  by  the  legislature  to  make  such  regulations.  Now  we  have  the 
regulations  embodied  in  a  law  that  was  passed  this  spring.  Under  section  1  of  this 
law  it  is  punishable  by  fine  to  bring  trees,  plants,  fruit,  etc. ,  into  the  State  without 
notifying  the  proper  authorities.  Besides  that  it  is  practically  impossible  to  land 
such  stock  from  foreign  steamers  or  sailing  ships,  as  the  United  States  customs  offi- 
cials kindly  cooperate  with  us  and  refuse  to  pass  anything  in  that  line  unless  an 
officer  of  the  board  of  horticulture  is  present.  The  value  of  such  assistance  to  the 
horticultural  interests  can  hardly  be  estimated.  All  plants  in.  the  possession  of  pas- 
sengers or  crew  are  carefully  inspected  upon  arrival  of  the  ship.  When  the  freight 
is  unloaded  all  packages  or  cases  of  trees,  plants,  and  fruit  are  segregated.  Stock  for 
the  interior  of  the  State  is  opened  up  and  inspected  on  the  dock.  It  is  then  fumi- 
gated. If  there  is  an  inspector  in  the  district  he  is  notified  and  inspects  the  roots, 
when  taken  out  of  the  moss,  to  see  that  they  are  not  attacked  by  borers.  If  there  is 
no  inspector,  or  there  is  any  doubt  as  to  his  ability  to  perform  such  work,  the  stock 
is  unpacked  and  treated  here  at  the  expense  of  the  owners. 

When  any  stock  arrives  in  San  Francisco  for  Eastern  States  I  write  to  Dr.  L.  O. 
Howard,  of  the  Department  of  Agriculture,  at  Washington,  and  he  notifies  the  proper 
authorities  in  each  State  to  have  the  plants  inspected  and  treated.  I  have  noticed 
trees  in  cases  for  the  East  infested  with  that  serious  pest,  the  scale  Diaspis  amygdali. 
When  this  scale  is  found  on  stock  for  California  it  means  the  destruction  of  the  plants 
or  trees,  as  we  never  give  it  any  quarter.  In  the  case  of  the  Eastern  trees,  we  can 
not  stop  them,  as  we  operate  under  a  State  law,  unless  the  trees  and  plants  are 
infested  with  insects. of  such  a  character  that  they  would  endanger  the  State  in  pass- 
ing through. 

When  plants  or  trees  are  infested  with  species  of  insects  not  already  existing  in  the 
State  they  are  destroyed  or  refused  entry. 

In  fumigating  we  use  square  canvas  sheets,  16  to  20  feet  in  diameter,  made 
of  the  best  ducking,  double  stitched,  and  then  painted  with  boiled  linseed  oil  to 
make  it  gas  proof.  The  canvas  must  be  perfectly  dry  before  it  is  rolled  up,  or  it  is 
liable  to  be  destroyed  by  spontaneous  combustion.  To  fumigate  evergreen  stock  we 
use  1  ounce  of  cyanid  of  potassium,  1  fluid  ounce  of  commercial  sulphuric  acid,  and 
2  fluid  ounces  of  water  to  the  100  cubic  feet  of  enclosed  space.  For  deciduous  and 
hardy  trees,  when  dormant,  we  use  one-fourth  more  of  each  of  the  above.  When 
the  canvas  has  been  placed  over  the  stock  to  be  fumigated  we  then  prepare  the 
charge.  We  use  a  3  or  4  gallon  glazed  earthenware  jar,  into  which  we  pour  the 
necessary  quantity  of  water,  then  the  sulphuric  acid,  and  place  it  well  under  the  can- 
vas, the  edges  of  which  are  secured  with  soil,  or  in  some  way,  so  as  to  prevent  the 
gas  escaping,  with  the  exception  of  the  edge  immediately  in  front  of  the  jar.  The 
proper  amount  of  cyanid  of  potassium  is  then  dropped  in  the  jar  from  a  long  scoop 
and  the  tent  is  immediately  closed  and  remains  so  for  one  hour.  Do  not  use  pulver- 
ized cyanid  as  the  chemical  action  is  so  violent  it  is  liable  to  boil  over.  Do  not 
fumigate  if  the  stock  is  wet  or  damp.  In  fumigating  nursery  stock  I  prefer  canvas 
sheets,  as  they  can  be  adjusted  to  the  size  of  the  pile,  besides  they  can  be  immediately 
transferred  to  another  lot,  whereas  if  the  work  is  done  in  a  fumigating  house  a  charge 
of  gas  sufficient  to  fill  the  house  has  to  be  applied,  even  if  the  house  is  only  partly 
filled  with  plants  or  trees,  and  the  stock  has  to  be  taken  out  of  the  house  before  it 
can  be  again  refilled.  The  sheets  can  e  taken  to  any  part  and  this  saves  handling 
of  the  trees.  If  the  house  is  large  the  gas  is  denser  above,  and  the  trees  on  the  ground 
are  not  treated  as  thoroughly.  When  sheets  are  used  on  nursery  stock  the  piles  are 
seldom  over  5  feet  high,  so  all  are  well  fumigated.  In  the  case  of  fruit  we  treat  it 
in  air-tight  rooms,  using  1  ounce  of  each  of  the  chemicals  and  2  ounces  of  water  to 
each  100  cubic  feet.    We  leave  the  rooms  closed  for  three  hours. 
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In  the  inspection  of  orchards  the  county  commissioners  or  their  inspectors  in  the 
principal  fruit-growing  counties  endeavor  to  make  an  inspection  of  the  orchards  at 
least  once  in  two  years,  and  in  some  counties  every  year.  Riverside,  San  Bernardino, 
and  some  other  counties  have  a  very  complete  system  of  orchard  inspection  and  use 
printed  charts,  with  the  rows  and  crossrows  of  trees  blocked  out  and  numbered  thereon. 
When  a  tree  is  found  infected  with  a  pest  a  designating  mark  is  placed  on  it  and  at 
the  intersection  of  the  chart  corresponding  to  where  the  tree  stands.  After  the 
orchard  is  inspected  the  chart  is  turned  over  to  the  foreman  of  the  fumigating  crew 
and  the  infested  trees  can  be  readily  located  and  treated.  Orchards  are  fumigated 
after  sundown,  as  the  gas  is  more  effective;  so  this  work  is  done  during  the  night. 
All  fumigating  should  be  performed  then  or  in  a  shaded  place. 

In  districts  where  infection  is  more  general  the  entire  orchard  is  fumigated.  Four 
men  constitute  a  crew  and  will  treat  from  100  to  300  orchard  trees,  according  to  size, 
in  one  night  of  twelve  hours.  Trees  under  12  feet  in  .  height  are  treated  with 
"bell  tents."  The  name  will  indicate  the  shape  of  this  style  tent.  The  mouth  is 
kept  expanded  by  a  hoop  made  of  gas  pipe.  This  pipe  is  also  used  in  placing  the 
tent  over  the  tree.  This  is  done  by  elevating  one  side  and  passing  it  over  the  tree, 
and  with  a  pole  to  support  the  apex  the  hood  or  tent  is  easily  adjusted.  The  tree 
supports  the  tent.  One  crew  will  operate  from  15  to  30  "bell  tents,"  according  to 
the  height  of  the  trees  being  treated.  Each  tree  is  exposed  to  the  gas  for  forty-five 
minutes.    The  fumigating  is  done  from  September  to  December. 

Trees  over  12  feet  in  height  are  usually  treated  with  what  is  known  as  "sheet 
tents."  These  are  made  octagonal,  and  the  sizes  are  32,  48,  52,  and  60  feet  in  diam- 
eter. To  raise  these  over  the  trees  two  poles  are  required,  each  2  by  4  inches  and  24  feet 
high,  of  dressed  Oregon  pine.  Across  the  bottom  of  the  poles  are  bolted,  one  on  each 
side,  two  pieces  1  by  3  inches  and  6  feet  long.  To  each  end  of  the  cross  pieces  a  brace 
2  by  4  inches  and  4  feet  long  is  fastened  to  the  upright  pole,  thus  making  a  brace  which 
prevents  the  pole  from  falling  sideways  when  hoisting  the  sheet  over  the  tree.  A 
three-quarter-inch  guy  rope  33  feet  long  is  fastened  to  the  top  of  each  pole  in  front. 
A  4-inch  block  is  fastened  in  the  rear  at  top ;  through  this  block  is  passed  a  rope  70 
feet  long  to  raise  the  tent.  The  sheet  is  dropped  back  of  the  tree,  the  uprights  are 
raised  one  on  each  side  of  the  tree,  the  end  of  the  rope  is  secured  by  a  hitch  to  the 
edge  of  the  sheet,  and  it  is  hoisted  into  position,  and  at  the  same  time  is  steadied  by 
two  men  at  the  guys,  who  pass  in  the  direction  the  pole  is  to  fall.  When  sufficiently 
elevated  the  men  pull  on  the  guys,  thus  bringing  the  sheet  forward  and  at  the  same 
time  over  the  tree.  The  uprights  are  then  allowed  to  drop,  leaving  the  sheet  in 
position.  The  tent  is  adjusted  around  the  bottom  and  the  charge  applied.  The 
same  uprights  answer  for  all  the  tents  operated  by  the  crew. 

The  above  brief  account  will  assist  the  beginner,  but  to  become  expert  will  require 
perseverance  and  practice. 

This  paper  gave  rise  to  an  interesting  discussion,  which  was  opened  by  A.  J.  Cook, 
of  California. 

B.  M.  Lelong,  of  California,  described  a  method  of  destroying  injurious  insects 
by  insect  parasites,  the  climate  of  California  being  too  dry  for  the  development  of 
fungus  parasites.  A  serious  melon  and  cucumber  pest  was  reported,  the  larvae  of 
which  were  found  in  much  imported  fruit  of  these  plants.  He  believed  there  was 
practically  no  danger  from  fruit  shipments  from  infested  orchards,  as  the  covering 
of  the  fruit  is  so  soon  destroyed. 

S.  ,B.  Green  reported  tobacco  smoke  to  be  an  effective  means  of  destroying  aphides 
on  cherry  and  plum  trees. 

S.  M.  Emery  maintained  that  all  stock  should  be  fumigated  before  it  is  sent  from 
the  nursery. 

B.  M.  Lelong  stated  that  there  is  practically  no  danger  from  fruit  from  infected 
orchards.    The  subject  was  further  discussed  by  B.  D.  Halsted  and  C.  D.  Smith. 

The  papers  by  E.  J.  Wickson  on  "Climatology  and  horticulture,"  and  by  A.  J. 
Pieters  on  "Seed  testing,"  given  on  pp.  45,  55,  were  read  in  this  section.  The  first 
was  discussed  by  C.  D.  Smith,  S.  B.  Green,  and  others;  the  second  by  C.  A.  Keffer, 
A.  B.  McKay,  and  B.  D.  Halsted. 
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A.  J.  McClatchie,  of  Arizona,  read  the  following  paper: 

Irrigation  Methods  ix  Orchards. 

Whatever  the  method  of  irrigating  an  orchard,  the  underlying  principles  are  the 
same.  In  all  localities  the  same  factors — trees,  soil,  water,  climatic  conditions — are 
to  be  taken  into  consideration.  Furthermore,  water  always  obeys  the  same  laws, 
moving  downward,  upward,  and  laterally  in  the  soil  and  changing  to  vapor  at  its 
surface.  The  varying  factors  are  the  character  of  the  trees,  the  soil,  the  climate,  and 
the  amount  of  water  available. 

Irrigation  methods  comprise  at  least  the  following:  (1)  The  method  of  applying  the 
water;  (2)  the  amount  of  water  applied,  and  (3)  the  time  of  applying  the  water;  and 
closely  related  to  these  is  the  conservation  of  the  water  taken  up  by  the  soil. 

The  principal  methods  of  applying  the  water  are:  (1)  By  flooding  the  entire  sur- 
face; (2)  by  the  basin  system;  (3)  by  the  furrow  system,  and  (4)  by  subearth  applica- 
tion. Flooding  is  probably  practiced  the  least,  and  usually  only  during  times  of  and  in 
cases  of  abundant  water.  '  The  basin  system  is  considered  the  best  one  for  saturating 
the  soil  immediately  about  the  trees  with  a  limited  amount  of  water.  Judging  by 
observation  and  by  replies  received  from  various  parts  of  the  Southwest  the  most 
common  method  of  application  is  to  ran  the  water  in  furrows  that  are  subsequently 
closed  by  cultivation.  In  all  cases  the  object  is  to  get  as  much  water  as  possible 
about  the  roots  of  trees  and  let  as  little  as  practicable  escape  into  the  atmosphere. 
The  subearth  application  of  water  from  pipes  now  being  tried  in  some  orchards  in 
southern  California  accomplishes  this  object  most  effectively.  The  principal  obstacle 
to  its  general  use  is  the  first  expense  of  supplying  the  orchard  with  a  system  of  pipes, 
the  present  price  of  iron  being  well-nigh  prohibitive. 

It  seems  to  be  the  experience  of  orchardists  that  the  application  of  a  liberal  amount 
of  water  followed  by  thorough  cultivation,  with  an  intervening  period  varying  with 
the  character  of  thesoil  and  of  the  climate,  is  better  than  the  frequent  application  of 
small  amounts.  By  the  latter  method  the  deeper  roots  do  not  receive  a  sufficient 
supply  of  water,  while  the  surface  of  the  soil  is  in  a  condition  much  of  the  time  to 
exclude  air. 

The  times  of  applying  water  vary  considerably  in  different  localities,  from  one  or 
two  per  season  in  some  localities  to  six  or  eight  in  others — about  once  in  three  to 
eight  weeks  from  April  or  May  to  October  or  November  being  probably  the  usual 
custom.  Formerly  winter  irrigation  was  little  practiced,  but  seems  to  be  growing  in 
favor  in  the  Southwest.  During  our  so-called  winter  season  irrigating  water  is  com- 
monly abundant  and  evaporation  comparatively  slight,  and  in  many  soils  water  can 
then  be  stored  for  the  use  of  the  trees  during  their  growing  period,  when  water  is 
usually  scarce. 

In  our  section  of  Arizona,  where  the  temperature  is  so  high  during  summer  and 
the  relative  humidity  so  low,  there  has  been  considerable  difference  of  opinion  among 
orchardists  as  to  the  feasibility  of  carrying  an  orchard  very  far  into  the  summer  season 
with  water  applied  during  the  winter.  To  help  solve  the  question  I  have  been  making 
a  test  of  the  matter  at  our  station  farm  near  Phenix.  In  the  valley  in  which  Phenix 
is  located  it  is  considered  necessary  to  irrigate  all  orchards  twice  a  month  from  March 
to  October. 

To  ascertain  how  much  of  this  summer  irrigation  might  be  rendered  unnecessary 
by  the  application  of  an  abundance  of  water  during  the  winter,  I  had  an  isolated 
peach  and  apricot  orchard  irrigated  by  the  furrow  system  six  times  from  December 
to  March,  after  which  water  was  withheld.  The  last  irrigation,  occurring  March  28 
to  30,  was  an  especially  thorough  one.  About  ten  days  later  a  sample  of  each  foot  of 
soil  was  taken  from  the  surface  to  ground  water  at  34  feet,  and  samples  are  being 
taken  every  thirty  days  through  the  summer. 

The  first  5  feet  proved  to  be  a  clayey  loam,  the  next  8  feet  gravel,  the  fourteenth 
foot  gravel  and  clay,  the  fifteenth  gravel,  the  sixteenth  gravel  and  clay,  and  the 
subsequent  18  feet  clay.  Of  each  sample  the  water  content,  the  maximum  water 
capacity,  the  degree  of  saturation,  and  the  weight  per  cubic  foot  was  determined. 

The  results  from  the  first  set  of  samples,  taken  April  10  to  18,  indicaied  that  the 
irrigating  water  had  reached  the  twenty-fourth  foot.  The  sixteenth  and  seventeenth 
feet  were  the  most  nearly  saturated,  containing  30.1  and  36.8  per  cent  of  water,  respec- 
tively. From  these  to  the  twenty-fifth  foot  the  degree  of  saturation  gradually  decreased, 
and  beyond  this  point  it  increased  slowly  until  the  level  of  well  water  was  reached 
at  34  feet.  Roots  of  the  peach  and  apricot  trees  were  abundant  at  14  to  16  feet,  and 
one  peach  root  was  followed  into  the  twentieth  foot,  showing  that  the  water  of  at 
least  the  upper  20  feet  was  available  to  the  trees. 


92 


The  results  from  the  second  set  of  samples,  taken  May  16  to  18,  showed  that,  with 
the  exception  of  the  surface  mulch,  there  had  been  little  change  in  the  water  con- 
tent of  the  upper  4  feet.  The  gravel  had  lost  nearly  half  of  its  moisture,  the 
water  content  of  the  clay  having  changed  but  slightly.  On  the  whole,  the  water 
column  had  settled  considerably,  only  about  one-sixth  of  it  having  passed  out  through 
the  trees  and  the  soil  surface.  In  the  upper  20  feet,  in  which  roots  had  been  found, 
about  four-fifths  of  the  water  still  remained. 

The  results  from  the  third  set  of  samples,  taken  June  17  to  19,  showed  that  in  the 
upper  20  feet  over  two-thirds  of  the  amount  found  two  months  previous  was  present, 
the  amount  still  available  (after  deducting 6  per  cent)  being  equivalent  to  a  rainfall  of 
about  25  inches.  The  3  upper  feet  contained,  however,  but  about  6  per  cent  of 
water.  These  were  the  conditions  underground.  The  above-ground  conditions 
were  healthy  trees  laden  with  fruit  and  growing  thriftily,  the  average  growth  on  the 
apricots  being  about  4  feet. 

These  results  do  not  mean  so  much  to  those  familiar  with  cool  or  moist  regions 
only;  but  when  the  facts  that  the  average  maximum  temperature  upon  the  farm 
was  106°  in  the  shade  during  June  and  that  the  mean  relative  humidity  for  the  months 
of  April,  May,  and  June  was  27  per  cent  are  taken  into  consideration,  the  results 
appear  in  a  different  light.  It  may  not  be  understood  that  unirrigated  land,  as  shown 
by  determinations  made  during  April,  is  nearly  air-dry  until  the  vicinity  of  well  water 
is  reached.  Samples  taken  in  an  orchard  that  had  not  been  irrigated  during  the 
winter,  but  had  been  irrigated  three  times  during  April,  showed  that  for  many  feet 
below  the  fourth  foot  the  subsoil  was  everywhere  practically  air-dry. 

To  what  extent  the  results  of  this  experiment  would  apply  to  other  regions  I  do 
not  know,  but  I  have  little  doubt  that  much  more  fruit  might  be  grown  in  the  South- 
west if  orchards  were  thoroughly  irrigated  during  the  winter. 

The  committee  on  nominations,  consisting  of  B.  D.  Halsted,  E.  J.  Wickson,  and 
S.  T.  Maynard,  reported  the  following  names  for  Dfficers: 

For  chairman,  S.  A.  Beach,  of  New  York. 

For  secretary,  P.  H.  Rolfs,  of  Florida. 

On  invitation,  N.  A.  Cobb,  of  the  department  of  agriculture  of  New  South  Wales, 
gave  an  interesting  talk  on  his  work  in  that  country. 

A.  B.  McKay,  of  Mississippi,  discussed  "Horticultural  field  work  for  classes,"  and 
the  following  papers  were  read  by  title: 

Making  a  Garden  Herbarium  and  its  Uses. 

By  A.  D.  Selby. 

The  assignment  of  this  subject  assumes  that  workers  in  botany  and  horticulture 
fully  appreciate  the  value  of  an  herbarium  of  the  ordinary  range.  We  may  not  forget 
that  well-preserved  herbarium  specimens  will  enable  us  to  compare  at  a  minimum  of 
labor  and  expense  the  plants  of  remote  districts,  and  to  study  the  changes  or  adap- 
tations of  closely  related  species  under  these  diverse  conditions.  For  illustration 
what  lover  of  plants  (and  the  class  certainly  includes  all  botanists  and  horticulturists) 
would  not  find  unlimited  pleasure  and  profit  in  a  comparative  examination  of  herba- 
rium specimens  representing  the  strikingly  similar  though  widely  separated  floras  of 
Japan,  Northeast  Asia,  and  the  Eastern  United  States  ?  In  them  would  be  offered  a 
chance  for  easy  comparison  and  broad  general  study  of  the  changes  particular  sorts  of 
plants  have  sustained  by  existence  in  the  different  conditions  offered  by  the  countries 
named.    The  effects  of  environment  would  be  in  evidence  upon  nearly  every  sheet. 

In  the  garden,  man's  selection  replaces  the  diverse  environments  of  native  hab- 
itats, but  only  partial  equivalent  for  herbarium  comparison  is  offered  in  the  study 
of  garden  plants.  The  same  applies  to  fruit  trees  and  shrubbery.  We  have  some  of 
the  plants  themselves,  and  we  must  admit  that  these  are  superior  to  dried  fragments, 
yet  the  difficulty  and  expense  which  attend  gathering  a  fairly  complete  collection  of 
the  varieties  of  a  given  genus  are  not  a  little  in  the  way  of  complete  work.  The 
time  element  is  also  a  serious  impediment — first  purchases  do  not  grow  well  or  prove 
"the  other  thing."  As  a  result  of  these  difficulties,  comprehensive,  comparative 
studies  of  horticultural  varieties  and  horticultural  species  have  been  few  in  number. 
Many  of  the  systematic  efforts  have  been  fragmentary,  imperfect,  and  unsatisfactory. 
One  who  commands  the  resources  of  a  great  botanic  garden  can  give  us  a  comprehen- 
sive study,  as  Professor  Irish  has  done  in  his  capsicum  paper.  Even  then  our  varieties 
will  shade  off  orintergrade  and,  unless  the  intermediate  steps  are  preserved  in  some 
manner,  as  by  the  garden  herbarium,  we  are  left  to  guess  at  the  size  of  the  gap.  Nor 
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does  it  seem  that  the  advocated  practice  of  preserving  the  fruits  of  various  sorts,  or 
making  casts  of  them,  will  go  far  toward  taking  this  vacant  place  unless  it  be  to  sup- 
plement the  garden  herbarium.  The  herbarium  in  fact  can  not  undertake,  save  by 
notes  on  size,  color,  and  quality  of  fruit,  to  present  to  us  more  than  stem,  leaf  and 
flower  characters.  In  its  own  field,  however,  nothing  can  supplant  it.  Until  we 
possess  collections  of  herbarium  specimens  of  garden  growths  the  careful  study  of 
vegetable  and  flower  characters  will  be  somewhat  rarely  made.  Nor  is  the  reason  for 
this  difficult  to  find.  During  the  season  of  growth  and  fruitage  the  horticulturist  is 
pressed  by  immediate  duties  that  may  not  be  set  aside.  Were  he  provided  with  a 
garden  herbarium,  on  the  other  hand,  his  field  notes  on  vigor,  fruit,  etc.,  would  sup- 
ply the  complete  material  for  broader  treatment  at  a  less  crowded  time  of  the  year. 
Add  to  this  specimens  secured  by  exchange,  enriched  in  turn  by  similar  notes,  and 
the  garden  herbarium  may  be  more  or  less  completely  before  the  mind. 

What  has  been  stated  as  applying  more  or  less  strictly  to  the  vegetable  and  fruit 
garden  applies  also  to  the  flower  garden  and  conservatory,  though  in  them  herbarium 
making  has  been  more  popular  in  the  past  than  in  the  first-named  circles. 

The  uses  of  the  garden  herbarium,  as  you  will  perceive,  have  first  been  emphasized, 
since  one  will  not  wish  to  make  the  herbarium  unless  already  convinced  of  its  use- 
fulness. That  much  accomplished,  or  a  hearing  at  least  gained,  the  methods  of 
making  a  garden  herbarium  may  be  briefly  stated. 

We  may  rest  content  with  certain  limitations  of  the  herbarium,  namely,  its  failure 
to  preserve  successfully  fleshy  fruits  and  thick  woody  steins.  These  things  are  not 
susceptible  of  satisfactory  herbarium  preservation,  arid  call  for  notes  and  accessory 
collections,  as  of  woods,  fruit  casts,  etc. 

The  field  of  the  garden  herbarium,  as  already  stated,  is  to  preserve  floral,  foliage, 
and  small  stem  characters,  as  well  as  the  roots  of  herbaceous  plants  and  the  dry  fruits. 
For  this  purpose  specimens  will  be  taken  at  the  time  best  suited  to  display  the  struc- 
ture sought,  Manifestly,  two  or  more  series  of  specimens  will  be  required  of  certain 
plants,  while  a  single  one  will  serve  for  others.  The  purpose  of  the  specimen  will 
dictate  the  time  for  collecting  it.  It  will  often  be  necessary  to  use  material  covering 
two  or  more  herbarium  sheets  to  exhibit  the  plant  characters  properly.  These  should 
be  divided  when  taken  and  trimmed  to  the  ultimate  design.  In  pressing  such  speci- 
mens at  the  Ohio  Station,  and  indeed  for  all  preparation  of  herbarium  material,  we 
use  slat  presses  and  apply  pressure  by  cords.  The  designs  of  such  presses  are  well 
known  and  their  superiority  for  specimens  of  uneven  thickness  in  their  various  parts, 
which  is  likely  to  be  the  case  with  garden  material,  is  generally  claimed  by  those 
who  have  used  this  form  of  press.  Here  in  Ohio  we  have  started  out  to  secure  her- 
barium specimens  of  Cucurbitaceae,  an  order  conspicuous  in  cultivation  over  the  world, 
but  meagerly  represented  in  our  native  flora.  The  results  are  fairly  satisfactory. 
Each  worker  with  cultivated  plants  will  probably  have  a  special  field,  and  in  that  the 
garden  herbarium  will  almost  invariably  be  a  useful  adjunct. 

Aside  from  the  check  against  varietal  synonomy,  which  will  be  furnished  by  her- 
baria of  this  sort,  there  should  result  a  wider  knowledge  of  the  cultivated  plants  of 
other  countries,  and  of  this  I  believe  all  will  agree  with  me  in  saying  "  'tis  a  consum- 
mation devoutly  to  be  wished." 

The  Making  of  a  Horticultural  Herbarium. 
By  J„  Burtt  Davy. 
DEFINITION. 

As  its  name  implies,  a  horticultural  herbarium  differs  from  a  botanical  herbarium 
in  that  it  is  restricted  to  plants  of  horticultural  interest.  It  has,  however,  a  wider 
scope  than  the  latter  in  that  it  is  intended  to  include  not  only  species  and  botanical 
varieties,  but  also  all  the  named  races,  variations,  and  forms  of  cultivated  plants. 

OBJECT. 

It  seems  to  be  generally  supposed  that  the  regular  botanical  herbarium  of  the  station 
or  of  the  college  department  of  botany,  where  such  exists,  can  include  all  that  is  neces- 
sary in  the  line  of  horticultural  specimens.  In  practice,  however,  it  is  found  that  it 
is  much  better  to  keep  the  two  entirely  distinct,  even  at  the  expense  of  the  small 
amount  of  duplication  of  specimens  which  will  necessarily  ensue.  The  main  reasons 
for  this  segregation  are: 

(1)  Greater  accessibility  of  the  collection  to  the  station  staff — the  specimens  can 
more  readily  be  taken  out  to  be  photographed  or  for  class  demonstration  or  illustration 
at  farmer's  institutes. 
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(2)  Saving  of  time  in  looking  up  specimens,  when  it  is  not  necessary  to  ran  through 
a  large  herbarium. 

(3)  Possibility  of  classification  according  to  uses,  which  is  impracticable  in  a 
botanical  herbarium  where  the  systematic  arrangement  must  be  followed;  this  effects 
a  further  saving  of  time  to  the  station  worker. 

(4)  Advantage  to  the  botanical  collection  in  not  being  handled  every  time  a  horti- 
cultural specimen  is  required.  This  is  a  more  important  point  than  would  at  first 
appear,  as  any  herbarium  curator  will  testify.  He  will  agree  with  me  that  the  con- 
stant handling  of  a  collection  by  unpracticed  hands  often  causes  irreparable  damage 
to  irreplaceable  material,  such  as  type  specimens,  etc. 

(5)  Advantage  to  the  worker  in  the  botanical  herbarium,  in  not  having  to 
hunt  through  a  mass  of  horticultural  material  while  looking  for  strictly  botanical 
specimens. 

(6)  The  increased  stimulus  which  is  thereby  given  to  the  completion  of  a  really 
effective  horticultural  collection. 

The  separation  of  the  horticultural  from  the  botanical  collection  is  now  being  prac- 
ticed in  several  institutions,  among  others  the  experiment  station  at  Berkeley  and  the 
botanical  gardens  at  Kew,  England. 

The  purpose  of  the  collection  is  that  it  shall  be  a  reference  library  of  accurately 
named  specimens  for  constant  use  by  all  members  of  the  station  staff,  for  comparing 
material  grown  at  the  station  or  sent  to  be  named,  for  illustration  in  horticultural 
classes  and  at  farmers'  institutes,  etc.  It  should  therefore  be  readily  accessible  to  the 
station  staff,  which  often  can  not  be  the  case  with  the  herbarium  of  the  department 
of  botany.  Its  primary  object  is  economic,  whereas  that  of  the  botanical  collection 
is  systematic. 

SCOPE. 

In  determining  the  limits  of  a  horticultural  herbarium  it  is  well  to  bear  steadily  in 
mind  its  raison  d'etre — it  is  to  be  a  reference  collection  for  the  purpose  of  naming 
plants  (species,  races,  varieties,  variations,  forms,  and  the  like),  not  for  the  study  of 
systematic  botany,  nor  even  of  geographical  range  or  of  ecological  conditions.  These 
are  important  topics,  and  valuable  alike  to  the  experiment-station  worker  and  the 
systematic  botanist,  but  they  can  better  be  studied  in  the  botanical  herbarium. 

To  be  useful  the  horticultural  herbarium  must  be  readily  accessible  and  easily  han- 
dled; it  is  therefore  better  to  restrict  the  number  of  specimens  to  one  good  sheet  of 
each  named  form  or  distinct  variation. 

The  collection  to  be  effective  should  include  all  species  of  cultivated  plants,  whether 
grown  for  use  or  ornament,  field  crops,  orchard,  flower  and  vegetable  garden  plants, 
and  forage  plants  both  of  stock  range  and  of  field.  It  is  also  important  that  it  should 
include  a  collection  of  the  weeds  of  the  State,  one  specimen  of  each  without  reference  to 
distribution;  a  collection  of  weed  and  other  seeds  for  seed-testing  purposes,  and  a  col- 
lection of  stalks  and  ears  of  the  different  cereals,  which  latter  can  be  better  used  and 
better  preserved  if  tied  up  in  bunches  and  dried  than  if  pressed  and  mounted  on 
herbarium  sheets.  To  this  collection  might  eventually  be  added  with  advantage  a 
set  of  named  fruits  preserved  in  liquid. 

In  the  horticultural  herbarium  I  believe  it  will  in  all  cases  be  found  most  serviceable 
to  classify  the  pressed  specimens  primarily  according  to  their  uses,  e.  g.,  orchard 
crops,  ornamental  plants,  field  crops,  weeds,  forage  plants,  vegetables,  etc.  Seeds, 
cereals  in  the  ear,  and  preserved  fruits  must,  from  their  very  nature,  be  kept  separate. 
This  method  of  subdivision  will  secure  rapidity  and  facility  of  reference.  The  sec- 
ondary classification  should,  however,  follow  that  of  the  botanical  herbarium,  adopt- 
ing the  recognized  systematic  grouping  into  orders,  genera,  and  species,  and  such 
other  smaller  divisions  as  may  be  necessary. 

I  consider  that  every  named  species,  variety,  variation,  or  form  of  horticultural 
plant  should  be  represented  in  the  herbarium  by  a  carefully  selected  pressed  speci- 
men whenever  any  of  its  characteristics  are  manifest  in  foliage  or  inflorescence,  even 
though  their  essential  differences  are  in  form  or  color  of  fruit,  because  these  flower 
and  foliage  differences  will  often  be  of  service  in  determining  a  tree  or  plant  which 
has  failed  to  fruit.  It  would  be  manifestly  wasteful,  however,  both  of  time  and 
space,  to  include  pressed  specimens  of  all  the  forms  of  a  species  when  those  forms  are 
all  so  much  alike  in  flower  and  foliage  as  to  be  indistinguishable  when  prepared  as 
herbarium  specimens. 

USES. 

The  value  of  a  horticultural  herbarium  is  always  likely  to  be  greater  to  the  station, 
to  the  successor  in  office  of  the  present  station  botanist,  or  to  his  colleagues,  than  to  the 
station  botanist  who  makes  it,  and  it  is  doubtless  largely  on  this  account  that  the 
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formation  of  such  a  collection  has  been  so  generally  neglected.  Yet  the  station  bota- 
nist will  himself  find  it  of  immense  value,  for  there  are  very  few  men  capable  of 
carrying  in  mind  the  characteristic  differences  between  all  the  plants  known  in  cul- 
tivation in  any  one  State.  Moreover,  these  are  often  dropping  out  of  cultivation  or 
reappearing  under  new  names.  A  good  horticultural  herbarium  should  act  as  a 
check  to  the  frequent  renaming  of  old  varieties. 

But  from  the  point  of  view  of  the  station  as  an  institution,  the  horticultural  herba- 
rium is  invaluable.  It  is  a  tangible  piece  of  improved  property,  an  asset,  a  reference 
library,  or,  better  perhaps,  a  dictionary  for  daily  use.  Its  value  lies  largely  in  its 
use  to* other  members  of  the  station  staff,  who  can  not  have  the  station  botanist  at 
their  beck  and  call  at  every  moment  to  name  specimens,  but  who  could  often  name 
plants  for  themselves,  and  thus  save  much  of  their  own  valuable  time,  as  well  as  that 
of  the  botanist,  if  they  had  access  to  authentically  named  specimens. 

METHODS. 

The  same  materials  used  in  the  preparation  of  the  botanical  herbarium  should  be 
used  for  the  horticultural. 

In  collecting  material  I  find  it  advantageous  to  work  up  one  genus  or  race  at  a  time 
and  to  make  its  representation  as  complete  as  possible  before  collecting  much  of  another 
group ;  thus  I  would  concentrate  my  energies  in  collecting  a  good  representation  of 
the  wheats  or  forage  grasses  before  collecting  any  material  in  any  other  group,  such 
as  vines  or  strawberries,  unless  it  chanced  to  be  something  rare  or  difficult  of  access. 
Much  saving  of  time  and  energy  and  much  better  results  can  be  obtained  in  this 
way. 

Great  care  should  be  taken  to  insure  accurate  naming  and  complete  labeling. 
Poor  material,  not  well  representing  the  species,  or  of  doubtful  determination,  should 
be  discarded.    Kemember  the  raison  d'etre  of  your  collection — utility. 

Laboratory  Work  for  Winter  Instruction  in  Horticulture. 
By  E.  s.  Goff. 

It  would  appear  to  many,  at  first  thought,  that  little  could  be  accomplished  in 
giving  practical  instruction  in  horticulture  in  winter  outside  of  regular  greenhouse 
work.  It  is  doubtless  true  that  the  facilities  for  giving  instruction  in  the  ordinary 
operations  of  gardening  and  fruit  growing  are  in  most  cases  better  during  the  summer 
than  during  the  winter;  but  it  does  not,  therefore,  follow  that  no  attempts  should  be 
made  to  give  such  instruction  during  winter.  The  majority  of  would-be  students 
in  horticulture  can  not  attend  school  during  the  summer.  There  are  certain  opera- 
tions that  can  better  be  performed  in  winter  than  in  summer,  as  root  grafting  and  the 
making  and  storing  of  dormant  cuttings.  The  weather  is  often  unfavorable  for  out- 
door work  in  summer.  The  principal  vacation  in  most  American  schools  and  colleges 
comes  during  the  summer  months,  so  that  very  few  students  could  attend  a  summer 
horticultural  school  even  it  they  were  not  detained  at  home.  It  is  often  difficult  also 
so  to  arrange  a  course  of  instruction  in  horticulture  during  the  summer  that  the  practi- 
cal work  would  always  come  in  connection  with  a  logical  lecture  system.  In  considera- 
tion of  these  facts  it  seems  to  the  writer  that  horticultural  schools  should  aim  so  to 
arrange  their  system  of  laboratory  instruction  as  to  accommodate  the  greatest  possible 
number  of  students  regardless  of  the  season  of  the  year.  This  implies  the  provision 
of  special  accommodations,  chief  of  which  is  a  large  glass-inclosed  house,  in  which 
students  can  work  in  the  natural  soil  at  any  time  of  the  year.  The  advantages  of  such 
an  artificial  system  are  so  numerous  as  to  nearly  balance  the  advantages  of  outdoor 
work  in  summer.  The  instructor  is  always  independent  of  the  weather.  By  using 
the  proper  amount  of  forethought  the  laboratory  work  may  be  made  to  more*  nearly 
correspond  to  the  lecture  work  than  is  ordinarily  possible  out  of  doors. 

The  operations  in  horticulture  that  require  special  skill  are  not  numerous.  Graft- 
ing, budding,  the  making,  storing,  and  planting  of  cuttings,  seed  testing,  the  use  of 
hand  cultivators  and  seed  drills,  the  planting  of  small-fruit  plants  and  of  orchard  and 
nursery  trees,  the  laying  out  of  orchards,  the  compomiding  of  insecticides  and  fungi- 
cides, the  use  of  spraying  tools,  the  winter  protection  of  small-fruit  plants  and  grape- 
vines, the  hilling  up  of  celery,  the  making  of  hotbeds,  and  the  various  pruning 
operations  cover  nearly  the  entire  list.  The  writer  has  given  instruction  in  all  of 
these  operations  to  large  classes  of  students  during  the  winter  months,  and  it  is  his 
opinion  that  the  results  of  such  instruction  have  been  quite  as  successful  as  they  would 
have  been  with  the  same  amount  of  assistance  out  of  doors.  The  difficulty  sometimes 
experienced  out  of  doors  in  keeping  the  students  within  sound  of  the  voice  is  largely 
eliminated  in  the  glass-inclosed  house.    It  is  true  that  there  is  the  consciousness  with 
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both  students  and  instructors  that  the  operations  are  often  of  the  nature  of  "going 
through  the  motions"  rather  than  the  performance  of  actual,  profitable  work;  but 
this  is  more  or  less  true  of  almost  all  school  laboratory  instruction,  while  in  root 
grafting  the  students  realize  that  their  work  has  the  same  commercial  value  that  it 
would  have  in  a  nursery  grafting  room. 

Our  "garden  house "  is  only  22  by  75  feet.  It  was  built  in  part  as  an  experiment, 
and  has  proved  very  satisfactory.  For  our  present  number  of  students  (130  in  a 
single  class  the  past  winter)  it  should  be  twice  as  wide;  but  we  have  been  able  to  use 
it  by  dividing  the  class  into  four  sections  and  giving  three  of  the  sections  work  in  the 
laboratory  elsewhere.  The  latter  room  is  35  by  45  feet,  and  it  accommodates  only 
half  of  our  largest  class  at  a  time.  All  operations  in  the  soil,  as  planting,  winter 
protection,  making  hotbeds,  etc.,  and  top  grafting,  budding,  and  the  use  of  spraying 
tools  are  carried  out  in  the  garden  house.  Seed  testing,  root  grafting,  the  making  of 
cuttings,  the  study  of  plants,  stratification  of  seeds,  etc.,  are  performed  in  the  lab- 
oratory. For  budding,  apple  seedlings  may  be  planted  early  in  winter  in  the  green- 
house and  worked  when  they  will  peel.  Bud  sticks  should  be  cut  in  summer  and 
preserved  in  dilute  alcohol  or  formalin.  In  case  these  preparations  have  been  for- 
gotten, as  sometimes  happens,  the  bark  on  box-elder  sprouts  may  be  made  to  peel  by 
boiling,  and  freshly-cut  dormant  buds  may  be  used.  [The  present  winter  (1899-1900) 
we  are  accommodating  a  class  of  169  students.] 

I  have  said  nothing  of  greenhouse  work  proper,  as  it  is  of  course  understood  that 
this  is  more  in  order  in  winter  than  in  summer. 


SECTION  ON  ENTOMOLOGY. 


No  formal  meetings  of  this  section  were  held,  but  a  few  of  the  entomologists  attend- 
ing the  convention  met  in  an  informal  way  and  elected  officers  for  the  ensuing  year. 
(See  p.  48.) 


SECTION  ON  MECHANIC  ARTS. 


Meetings  of  the  Section  on  Mechanic  Arts  were  held  at  the  Occidental  Hotel  on 
the  afternoons  of  July  5  and  6,  Chairman  C.  S.  Murkland  presiding.  The  first  paper 
presented  was  by  W.  F.  Gilkison,  of  Wyoming,  as  follows: 

The  Practical  Importance  op  Industrials. 

The  importance  of  industrials,  or  manual  training,  can  not  be  overestimated. 
Fortunately  the  ancient  idea  of  looking  with  contempt  upon  manual  labor  is  gradu- 
ally but  surely  disappearing.  The  number  of  manual-training  schools  throughout 
the  country  furnishes  ample  evidence  of  this  fact.  Mr.  C.  H.  Ham  expressed  the 
sentiments  of  a  large  number  of  thinking  men  of  to-day  when  he  said,  "It  is  not 
less  absurd  than  wicked  to  treat  manual  labor  with  contempt;  since  to  it  we  owe  all 
the  visible  results  of  civilization."  While  it  is  true  that  many  people  have  begun  to 
look  favorably  upon  technical  schools,  yet  a  large  number  are  still  prejudiced,  and,  as 
Dr.  Hudson  once  said,  "  they  proceed  upon  the  notion  that  their  children's  main 
business  in  this  world  is  to  shine  and  not  to  work."  Many  boys  are  discouraged 
from  choosing  technical  courses  not  only  by  parents,  but  by  friends  as  well.  In  this 
way  not  a  few  are  steered  into  something  for  which  they  have  no  liking  and  the  result 
is,  naturally,  a  failure.  Many  do  not  stop  with  endeavoring  to  turn  their  relatives 
and  friends  from  seeking  an  education  from  which  practical  results  may  be  obtained, 
but  they  try  to  use  their  influence  upon  the  public  in  general  by  publishing  articles 
against  "practical  education,"  as  they  call  it.  Not  long  ago  an  article  appeared  in 
one  of  our  local  papers  wrritten  by  an  individual  who  is  closely  connected  with  the 
young  people  of  our  city.  The  trend  of  this  article  was  to  the  effect  that  one  should 
not  seek  an  education  for  the  purpose  of  earning  his  bread  or  making  money  thereby, 
saying  education  does  not  consist  in  giving  something  material  to  a  man  in  the  fitting 
of  him  to  care  for  the  welfare  of  the  body. 

I  think  it  is  not  necessary  to  discuss  this  question  before  this  assembly,  but  I 
believe  such  work  as  that  prevents  many  young  men  from  entering  technical  schools 
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The  article  referred  to  affects  our  institutions  only,  but  similar  statements  are"  pub- 
lished which  are  universally  read  and  can  not  help  affecting,  to  a  certain  extent,  all 
technical  institutions. 

So  it  is  plain  that  public  opinion  of  to-day  has  not  entirely  changed  from  the  ancient 
idea  and  the  young  people  are  not  allowed  enough  freedom  in  the  selection  of  their 
college  work.  In  this  connection  I  will  say  that  I  do  not  know  of  any  graduates 
from  manual-training  schools  who  have  had  any  difficulty  in  obtaining  employment 
and  receiving  good  wages,  while  it  is  not  a  hard  matter  to  call  to  mind  graduates  from 
classical  schools  who  are  waiting  for  some  position  which,  according  to  their  ideas, 
will  not  be  degrading. 

I  do  not  wish  to  be  understood  to  mean  that  these  people  are  not  capable  of  hold- 
ing responsible  positions,  but  they  have  been  educated  above  manual  labor,  as  they 
think,  and  therefore  seek  positions  that  are  not  easily  obtained.^  On  the  other  hand, 
mechanical  students  are  taught  that  manual  labor  is  honorable  and  do  not  wait  for 
work  along  their  particular  line,  but  are  willing  to  accept  positions  in  any  other  voca- 
tion. I  have  always  made  it  a  point  to  tell  students  who  are  about  to  graduate  to 
accept  the  first  honorable  work  that  is  offered  them,  as  it  is  much  easier  to  secure 
important  positions  when  employed  than  when  idle. 

We  all  know  that  but  few  of  our  fault-finders  and  grumblers  are  found  among  the 
prosperous  classes.  Men  from  mechanical  schools  may  be  found  among  the  best 
citizens,  which  shows  they  are  not  an  idle  class. 

Another  question  that  is  continually  springing  up  is  why  students  from  mechan- 
ical engineering  schools  can  not  enter  into  direct  competition  with  practical  mechanics. 
This  question  was  quite  extensively  discussed  several  years  ago  in  The  American 
Machinist,  but  it  has  not  been  satisfactorily  settled,  at  least  to  the  minds  of  a  great 
many  leading  mechanics. 

Soon  after  assuming  the  duties  of  my  present  position  I  was  interviewed  by  a  car- 
penter, the  father  of  one  of  our  students.  He  complained  of  his  son's  being  unable 
to  do  as  much  or  as  good  carpenter  work  since  entering  the  university  shops  as  before. 
Naturally  a  very  severe  criticism  of  our  method  of  teaching  followed.  Not  being 
familiar  with  the  boy's  work  as  yet,  I  could  only  form  my  opinion  from  similar  cases, 
so  the  father  was  told  that  the  school  may  have  impressed  upon  the  young  man's 
mind  the  necessity  of  thought  in  connection  with  his  work  and  he  must  now  know 
reasons  for  doing  things,  whereas  at  first  it  was  learned  mechanically.  I  assured  the 
father  that  the  boy  would  in  time  reach  and  surpass  his  former  work  both  in  quan- 
tity and  quality.  My  explanation  did  not  appear  to  satisfy  him,  yet  the  boy  was 
allowed  to  continue  his  course  and  graduated  with  honors.  I  watched  the  case  closely 
and  found  what  I  had  said  to  be  partly  true,  but  I  also  found  another  reason  for  the 
lack  of  interest  in  his  work.  Among  the  new  lines  of  work  taken  up  by  him  was 
drafting,  which  proved  to  be  more  to  his  taste.  He  therefore  lost  interest  in  his  car- 
penter work.  He  was  out  of  school  but  a  short  time  when  he  secured  a  position  in 
drafting  and  is  to-day  receiving  a  comfortable  salary,  and,  it  is  needless  to  say,  is 
doing  good  work. 

So  it  is  with  many  young  men.  As  soon  as  they  have  found  work  for  which  they  are 
best  adapted  they  are  not  long  in  fitting  themselves  for  it,  providing  they  are  allowed 
to  do  so. 

To  reach  the  results  advocated  by  some  would  necessitate  the  teaching  of  trades, 
which  is  something  we  are  not  prepared  to  do  at  present,  as  it  would  make  a  more 
extended  course  or  offer  a  less  number  of  studies  and  more  practical  work,  neither 
of  which  would  be  satisfactory.  It  is  doubtless  true  that  graduates  from  mechanical 
schools  seem  at  first  to  be  unable  to  command  positions  as  do  more  experienced  men; 
it  is  also  true,  however,  that  in  time  they  excel  in  a  large  number  of  instances. 

I  do  not  know  how  others  may  feel  in  regard  to  this  matter,  but  I  am  trying  to 
shape  my  course  so  as  to  give  as  broad  an  education  as  possible  in  the  given  time. 
My  wish  is  that  one  who  has  completed  the  work  in  our  school  and  finds  that  draft- 
ing or  any  other  branch  of  mechanical  engineering  is  not  that  which  he  desires  to 
follow  shall  not  be  "at  sea"  because  of  his  narrow  education.  Of  course  if  it  were 
possible  to  select  only  those  young  men  who  have  the  necessary  material  in  them  to 
make  mechanical  engineers  the  course  might  be  changed  slightly,  but  even  then  I 
should  not  be  in  favor  of  any  radical  change  from  the  present  system. 

I  am  endeavoring  to  make  my  work  in  the  shop  and  drafting  room  conform  as 
nearly  as  possible  to  that  of  practical  establishments,  although  I  am  not  willing  to 
cut  out  any  important  studies  in  order  that  more  time  may  be  given  to  practical 
work. 

With  the  length  of  the  courses  now  offered  by  most  of  the  mechanical  schools  I 
think  that  but  three  hours  a  day  for  shopwork  and  drawing  are  all  that  can  be 
given,  but  believe  that  this  amount  should  be  given  throughout  the  course. 
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An  editorial  on  manual  training  which  appeared  in  the  Boston  Herald  some  years 
ago  expressed  the  manner  in  which  such  schools  give  a  well-rounded  education.  It 
read  as  follows:  "The  whole  boy  is  put  under  subjection  to  discipline;  not  his 
intellect  alone,  not  his  hand  alone,  but  the  mind,  the  hand,  and  the  will  in 
combination." 

I  have  experimented  with  a  fixed  set  of  exercises  in  the  shops,  few  of  which  were 
designs  of  useful  articles,  but  the  results  obtained  were  not  satisfactory.  I  have 
found  that  by  having  only  enough  of  such  exercises  to  teach  the  elementary  princi- 
ples of  the  work  and  then  follow  by  something  useful,  something  the  meaning  of 
which  can  easily  be  seen,  gives  far  better  results.  The  keeping  of  students,  term 
after  term,  on  exercises  in  which  they  can  see  no  practical  value  is  discouraging  to 
them  and  does  not  reach  the  desired  results.  The  question  may  be  raised  as  to  the 
nature  of  such  articles.  I  think  it  matters  very  little  what  the  work  is  so  long  as 
the  student  understands  its  value.  If  there  is  not  enough  practical  work  to  be  done 
for  the  institution,  then  I  would  be  in  favor  of  making  articles  for  market.  I  have 
had  no  trouble  thus  far  in  getting  plenty  of  work  for  my  students.  The  simple  work 
is  given  to  the  beginners  and  the  more  complicated  to  the  advanced  students.  For 
my  elementary  course  each  student  is  furnished  with  a  book  of  blue  prints,  but  they 
are  required  to  make  working  drawings  for  all  useful  articles.  This  seems  to  be  a 
very  satisfactory  method,  as  it  requires  more  thought  on  the  subject  and  aids  in 
making  their  work  in  the  drafting  room  more  practical.  I  find  it  very  difficult 
to  teach  students  to  read  drawings  quickly  and  intelligently.  By  requiring  them  to 
make  working  drawings  helps  to  make  others  easier  to  understand. 

I  hope  a  new  theory  of  teaching  industrials  is  not  expected  to  appear  in  this  paper. 
1  would  be  very  slow,  indeed,  to  adopt  any  radical  change  from  the  present  system. 
It  is  clear  to  those  who  have  taught  this  line  of  work  that  it  not  only  trains  the  hand 
and  eye,  not  only  creates  a  love  for  labor  in  general,  but  it  develops  the  mind  as  well. 
The  training  received  in  the  shops  and  drafting  room  is  invaluable,  and,  I  believe,  no 
student's  education  is  complete  without  it  and  he  should  not  be  allowed  to  graduate 
from  any  course  whatever  without  at  least  a  term's  work  in  both  drafting  and  shop 
work.  Of  course  I  mean  more  particularly  the  young  men.  However,  the  young 
women  should  have  the  privilege  of  taking  this  or  similar  work. 

It  is  pitiful  to  see  the  amount  of  ignorance  displayed  among  so  large  a  percentage 
of  people  in  regard  to  most  tools  and  machinery.  Considering  the  place  machinery 
occupies  in  the  advancement  of  civilization,  this  ignorance  ought  not  to  be  so  promi- 
nent. How  few  men  and  women  we  meet  who  can  not  distinguish  the  difference 
between  an  organ  and  a  piano,  but  how  few,  aside  from  mechanics,  know  a  milling 
machine  from  a  lathe.  Yet,  even  worse,  I  have  had  people  visit  our  shops  who 
could  not  point  out  a  portable  forge  when  it  was  among  iron- working  machines.  Most 
of  us  have,  doubtless,  heard  literary  people  criticising  practical  mechanics  because  of 
getting  the  names  of  some  authors  mixed,  but  I  see  no  reason  why  these  critics  should 
not  be  criticised  for  getting  the  names  of  machines  confused  which  have  done  equally 
as  much  or  more  toward  the  advancement  of  civilization.  I  do  not  think  J.  F.  Hollo- 
way,  a  former  president  of  the  American  Society  of  Mechanical  Engineers,  overrated 
the  mechanic  in  the  least  when  he  said,,  in  speaking  of  engineers,  "  While  I  would 
render  honor  to  all  branches  of  the  profession  of  engineers  and  would  most  certainly 
underrate  none,  I  can  not  but  believe  that  the  mechanical  engineer  stands  the  peer 
not  only  of  any  other  engineer,  but  of  any  other  man  as  well  in  depth  and  breadth 
of  usefulness.  It  has  been  well  and  truly  said  that  the  profession  of  engineering 
underlies  all  engineering." 

C.  L.  Cory,  of  California,  in  the  discussion  of  the  paper  advocated  very  strongly 
the  policy  of  doing  away,  as  soon  as  possible,  with  the  old  exercise  system  in  the 
management  of  school  shops.  He  urged  that  the  work  should  be  entirely  construc- 
tive, and  should  at  all  times  be  in  the  nature  of  building  complete  machines  rather 
than  producing  individual  pieces  of  work. 

W.  K.  Patterson,  of  Kentucky,  thought  that  the  preparation  of  students  for  engineer- 
ing work  should  be  of  a  very  general  character,  and  that  no  attempt  should  be  made  to 
give  preparatory  training  in  engineering  subjects,  such  as  shop  work  and  drawing. 
He  said  that  the  tendency  at  the  present  time  was  to  make  engineering  courses  too 
specific  in  their  character.  Unless  a  student  was  well  prepared  in  the  general-culture 
studies  he  would  leave  college  with  a  one-sided  development. 

F.  P.  Anderson,  of  Kentucky,  spoke  of  the  tendency  of  shop  courses,  as  well  as 
drawing-room  courses,  to  be  too  sharply  defined  in  their  character.    He  felt  that  the 
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best  results  are  to  be  obtained  in  mechanical  engineering  courses  having  no  well- 
defined  line  of  exercises  either  in  the  shop  or  in  the  drawing  room,  but  thatall  work 
should  be  original.  There  is  a  tendency  to  imitate  in  shop  courses  and  in  drawing 
room  courses  to  an  extent  that  is  hardly  appreciated.  All  work  in  machine  design 
should  consist  in  new  problems;  it  should  be  the  policy  of  a  well-conducted  engineer- 
ing school  never  to  give  the  same  problem  twice,  and  the  same  general  plan  of  carrying 
on  work  in  the  school  drawing  room  should  be  the  same  as  the  principle  employed  in 
the  designing  room  connected  with  a  well-organized  machine-building  establishment. 

The  question  of  short  courses  in  engineering  was  freely  discussed,  Professor  Gil- 
kison  taking  the  lead  in  the  discussion  and  strongly  recommending  that  short  courses 
in  mechanic  arts  be  discouraged. 

C.  L.  Cory,  of  California,  presented  the  following  paper: 

The  Electrical  Engineering  Laboratory  in  its  Relations  to  Local  Engineer- 
ing Work. 

When  a  progressive,  sturdy  Commonwealth  is  removed  by  geographical  position 
and  physical  conditions  from  the  older  centers  of  progress,  it  naturally  turns  its 
attention  to  local  affairs.  Particularly  will  this  be  true  when  circumstances  are  such 
that  a  large  amount  of  energy  must  be  expended  in  overcoming  the  natural  difficul- 
ties in  the  way  of  advancing  civilization.  To  harmonize  all  the  natural  advantages 
present  and  arrive  at  the  best  results  is  the  work  of  the  leaders,  and  the  engineer 
here  finds  his  great  opportunity.  To  create,  build,  and  bring  about  results  for  the 
betterment  and  progress  of  mankind  is  the  ambition  of  the  true  engineer,  and  the 
goal  is  only  reached  when  the  result  is  success.  The  engineer's  work  begins  where 
the  work  of  nature  ends,  and  to  make  the  most  advantageous  use  of  natural  conditions 
is  the  problem  for  him  to  solve.  Changed  conditions  demand  a  change  in  method, 
and  each  piece  of  engineering  work  must  be  treated  in  a  way  peculiar  to  itself. 

The  entire  Pacific  coast,  and  particularly  the  State  of  California,  suggests  such  a 
community  as  is  indicated  above.  Civilization  may  be  said  to  have  been  established  less 
than  half  a  century  ago.  The  work  to  be  done  has  been  along  many  lines,  and  natur- 
ally under  the  circumstances  the  early  development  came  from  no  consistent  adher- 
ence to  any  definite  plan  or  system.  Early  Californians  were  of  many  types,  and 
even  nationalities;  and  as  conditions  were  new  to  all,  each  man  adopted  his  own  plan. 
In  these  early  days  of  California  placer  mining  was  the  principal  attraction,  bring- 
ing people  from  all  parts  of  the  world  into  the  State. 

No  very  great  amount  of  reliability  could  be  placed  upon  anything,  and  chance  or 
' '  luck ' '  was  the  ruling  feature  of  every  man's  success  or  failure.  Permanent  engineer- 
ing or  construction  work  was  not  even  considered,  and  things  were  always  done  but  for 
a  day.  As  time  went  on  and  all  kinds  of  development  progressed,  more  definite  and 
systematic  methods  were  adopted  and  more  permanent  work  accomplished.  In 
many  of  the  industries  in  California  now  a  systematic  endeavor  has  been  made  to 
do  work  for  all  time,  instead  of  temporary  and  inexpensive  construction. 

Before  considering  the  State  University  and  its  laboratories  as  related  to  the  State 
at  large,  the  different  fields  of  engineering  should  be  outlined  and  their  relative 
importance  indicated.  That  the  conditions  in  California  are  different  from  those  in 
many  Eastern  States  is  self-evident,  California  might  be  said  to  use  and  operate 
what  the  East  designs  and  manufactures. 

The  manufacturing  industries  of  the  State,  however,  deserve  more  than  passing 
mention.  With  the  Oregon  as  the  exponent  of  our  shipbuilding  industries  we  have 
an  unassailable  position — certainly  in  quality  if  not  in  quantity.  And  it  must  be 
borne  in  mind  that  shipbuilding  means  also  the  construction  of  steam  machinery  of 
the  highest  grade.  Agricultural  and  mining  machinery  have  a  prominent  place 
in  the  manufactures  of  the  State,  and  many  other  lines  should  perhaps  be  mentioned. 

Notwithstanding  these  facts,  however,  natural  conditions  at  the  present  time  ren- 
der it  impossible  that  we  should  in  any  extended  sense  be  a  great  manufacturing 
Commonwealth.  As  producers  the  Eastern  States  have  many  advantages,  some 
of  which  will  be  apparent  from  what  follows. 

The  development  of  the  natural  resources  of  California  covers  a  wide  field.  The 
great  importance  of  the  agricultural,  horticultural,  and  viticultural  industries  is  appre- 
ciated by  every  visitor  to  the  State,  and  is  evident  on  every  dinner  table  in  the  land. 
It  is  only  as  engineering  work  is  related  to  these  industries  that  I  shall  consider  them, 
as  their  importance  will  be  shown  by  the  representatives  of  the  agricultural  side. 

Some  of  the  greatest  engineering  problems  interesting  the  engineers  of  California 
are  undoubtedly  in  connection  with  mining.    The  field  here  again  is  of  a  very  broad 
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character,  including  all  lines  of  engineering  work.  During  the  past  six  or  seven  years 
very  definite  and  important  progress  has  been  made  in  mining.  This  progress  has 
been  principally  in  the  line  of  what  might  be  termed  "legitimate  mining" — that  is, 
the  application  of  the  highest  and  best  scientific  and  engineering  methods  to  the 
handling  and  treating  of  large  bodies  of  comparatively  low-grade  ores.  This  has  been 
done  principally  by  the  use  of  large  amounts  of  capital,  the  so-called  "  poor"  or  indi- 
vidual miner  having  little  or  nothing  to  do  with  this  particular  field.  Two  things  are 
absolutely  necessary  for  the  successful  operation  of  the  large  mine  of  the  present — 
water  and  power. 

The  one  line  of  engineering  work  which  is  of  paramount  importance  in  California 
is  in  connection  with  water  supply.  In  many  portions  of  the  State  the  rainfall  is  so 
slight  that  irrigation  is  absolutely  necessary,  and  the  period  of  rainfall  covers  but  a 
very  small  portion  of  the  year.  To  bring  out  this  point  more  clearly — during  the 
season  of  1898-99  practically  the  entire  rainfall  for  the  season  was  confined  to  approx- 
imately thirty  days  out  of  the  three  hundred  and  sixty-five,  and  in  some  parts  of  the 
State  the  precipitation  was  confined  almost  entirely  to  the  month  of  March.  That 
the  rainfall  throughout  the  year  is,  in  most  cases,  enough  to  supply  the  State  with  all 
the  water  needed  can  not  be  denied,  but  during  a  short  period  of  the  season  the  supply 
of  water  is  largely  in  excess  of  the  demands,  while  later  scarcity  of  wTater  is  indeed  a 
common  occurrence.  I  wish  to  give  importance  to  this  matter,  notwithstanding  the 
fact  that  it  is,  perhaps,  a  civil  or  hydraulic  engineering  problem  rather  than  one  per- 
taining to  electrical  engineering.   The  two  are  closely  allied,  as  will  be  shown  later  on. 

A  visit  to  the  high  Sierras  suggests  at  once  a  possible  solution  of  the  question  of 
uniform  water  supply  throughout  the  year.  The  work,  however,  is  of  such  magni- 
tude that  it  seems  at  once  that  it  can  be  accomplished  only  under  the  supervision  of 
the  State.  Reservoirs  and  storage  basins  are  being  built  more  and  more  every  year, 
but  when  compared  with  what  must  be  done  to  relieve  the  situation,  the  size  and 
character  of  such  storage  systems  are  shown  to  be  of  little  value. 

The  forest-covered  mountains,  extending  nearly  the  entire  length  of  the  State,  receive 
a  very  large  snow  fall.  The  watershed  of  the  western  slope  is  much  greater  in  area 
than  of  the  eastern  slope  of  the  Sierras,  and  as  this  snow  melts  it  serves  as  an  abun- 
dant supply  of  water  for  the  mountain  streams  running  down  toward  the  valleys  to 
the  west.  . 

The  fact  that  the  mountains  are  forest  covered  is  of  very  great  advantage  in  delay- 
ing the  melting  of  the  snow  until  the  late  season,  when  the  supply  from  the  lower 
streams  is  beginning  to  decrease.  That  the  question  of  forest  preservation  is  of  great 
importance  in  the  conservation  of  water  is  well  known  and  can  not  be  too  forcibly 
indicated. 

Impounding  water  in  the  high  mountain  valleys  and  canyons  by  means  of  dams  is 
fraught  with  many  difficulties.  Not  alone  must  the  great  magnitude  of  such  construc- 
tion work  be  considered,  but  in  every  case  the  fact  that  the  storage  basin  will  be 
slowly  but  surely  filled  with  sand  and  deposition  of  sediment  must  not  be  overlooked. 

Reservoirs  and  storage  basins  can  not  therefore  be  made  in  the  natural  line  of  flow 
of  great  water  systems.  Side  canyons  and  basins  of  great  area  and  depth  offer  much 
greater  facilities  for  water  storage.  And  if  such  basins  have  sides  of  snow  and  forest- 
covered  mountains,  then  conditions  for  late  supply  will  be  best. 

Canyons  and  valleys  to  the  south  of  great  water  ways  have  again  an  advantage  over 
the  canyons  and  valleys  on  the  north.  The  snow  always  melts  latest  on  the  northern 
mountain  slopes,  as  it  is  not  there  exposed  to  the  sun,  as  on  the  south;  and  added  to 
this  it  is  often  true  that  the  snow  falls  in  greater  abundance  on  the  northern  slopes  of 
mountain  ranges. 

In  the  late  season  the  water  must  be  turned  into  the  natural  river  bed  from  these 
artificial  side  reservoirs  in  the  attempt  to  keep  up  as  nearly  as  possible  an  average 
flow.  Lower  down  in  the  mountains — the  foothill  district — the  water  is  taken  from 
the  river  bed,  flumed,  ditched,  or  piped  to  the  point  of  utilization. 

In  the  late  season  the  river  beds  of  the  lower  foothills  and  valleys  are  not  good 
water  carriers.  The  natural,  dry,  sandy  river  bottoms  absorb  the  water  to  such  an 
extent  that  the  diverting  flumes  and  ditches  must  be  constructed  up  the  stream  and 
above  the  valleys.  A  very  large  loss  from  evaporation  will  also  result  unless  the  water 
carried  is  deep,  rather  than  scattered  over  a  wide  natural  river  bed. 

These  are  but  a  few  practical  points  among  the  many  of  importance  which  must  be 
given  consideration  in  such  systems.  That  a  State  commission  should  carefully  inves- 
tigate the  entire  matter  seems  patent.  There  is  perhaps  no  subject  of  greater  impor- 
tance to  the  people  of  the  entire  State  than  this,  and  under  the  circumstances  the 
State  should  secure  control  of  all  such  work  and  carry  it  out  on  such  a  scale  as  to 
accomplish  some  real  result.  Private  corporations  will  extend  their  enterprises  in 
conjunction  with  such  State  work,  but  the  supreme  control  should  be  in  the  hands  of 
the  people. "    -    -  ■  ■  .  - 
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Passing  for  a  moment  this  matter,  another  necessary  adjunct  to  the- development 
of  natural  resources  is  power.  Energy  is  the  capacity  to  do  work,  and-  power  is  the 
rate  of  doing  work.  Of  the  many  resources  of  power,  fuel  and  falling  water  are  by 
far  of  the  greater  importance.  In  general  it  may  be  said  that  California  is,  when  con- 
trasted with  Eastern  States,  very  sparsely. supplied  with  fuel,  especially  coal.  Oil  and 
natural  gas  abound  in  some  localities,  but  not  in  sufficiently  large  deposits  to  affect 
-the  State  at  large.  On  the  other  hand,  natural  water  powers  abound  in  the  moun- 
tain streams,  and  but  for  the  large  yearly  fluctuations,  due  to  dry  seasons  and  other 
causes,  water  would  be  depended  upon  much  more  than  it  is  at  present.  In  mining 
work  power  may  be  obtained,  and  in  fact  often  is  obtained,  from  water  directly  at 
the  mine;  or  power  may  be  obtained  by  the  use  of  steam,  the  fuel  being,  many  times, 
wood.  In  many  cases,  however,  for  continued  operation  the  cost  of  fuel  is  prohibitive, 
and  some  different  source  of  power  is  absolutely  necessary  for  commercial  success. 

The  following  illustration  will  enforce  this  point  materially,  and  incidentally  also 
serves  to  show  that  mining  in  California  is  by  no  means  confined  to  gold,  notwith- 
standing the  popular  idea.  Silver,  copper,  mercury,  and  other  metals  have  an  impor- 
tant place  in  the  products  of  the  State,  but  in  this  case  reference  is  made  to  another 
natural  product. 

In  a  very  remote  portion  of  California  a  beautiful  marble  may  be  obtained  in 
almost  unlimited  quantities.  As  a  material  it  is  at  least  the  equal,  if  not  superior,  to 
Eastern  or  foreign  marble.  It  has  great  density  and  uniform  quality,  but  is  exceed- 
ingly hard  and  difficult  to  work.  When  finished  and  polished,  however,  it  well 
repays  the  work  done  upon  it. 

At  the  quarry  there  is  no  source  of  power  except  wood,  and  this  is  scarce  and 
expensive  and  of  small  heating  value.  The  ultimate  result  is  that,  under  present  con- 
ditions, the  cost  of  working  and  transporting  this  really  high-grade  natural  product 
is  so  great  that  it  has  very  little  place  in  the  general  market,  Eastern  marble,  finished 
and  polished,  being  cheaper. 

It  is  proposed,  in  connection  with  the  working  of  this  marble  quarry,  to  transmit 
electrical  power  from  a  mountain  stream  10  miles  away,  and  if  this  is  done  it  is 
believed  that  the  marble  can  be  finished  and  polished  at  the  quarry,  ready  for  the 
market,  at  such  a  cost  for  labor  and  power  that  competition  with  Eastern  marble  may 
be  successful.  Such  a  change  in  method  of  operation  should  result  in  smaller  trans- 
portation charges,  the  finished  product  reducing  the  weight,  less  cost  of  labor  and 
direction  affected  by  the  centralization  of  all  work  at  the  quarry.  One  should  not 
fail  to  observe,  in  passing,  that  advantage  of  geographical  position  is  not  the  only 
factor  necessary  to  success  in  a  commercial  field. 

The  cost  of  coal  or  other  fuel  has  a  direct  and  definite  effect  upon  the  commercial 
side  of  electrical  power  transmission,  and  since  coal  is  not  a  natural  product  in  this 
State  the  electrical  problems  which  are  of  greatest  interest  to  us  are  primarily  con- 
nected with  the  transmission  of  power  by  electricity,  the  source  being  water  power. 

The  largest  hydro-electric  station  in  the  world  is  at  Niagara  Falls,  where  ten  5,000- 
horsepower  electrical  generators  are  directly  connected  to  turbines,  50,000-horse- 
power  of  electrical  energy  thus  being  available  for  commercial  purposes.  As  a  result, 
it  is  said  that  electrical  energy  is  produced  at  Niagara  at  less  total  cost  than  at  any 
other  place  in  the  world,  notwithstanding  the  very  large  investment  which  has  been 
made  in  the  station  and  its  accessories.  This  installation  is  justifiable,  and  seems  to 
be  a  commercial  success,  although  a  good  steam  coal  may  be  purchased  for  $1.50  per 
ton — about  one-fourth  to  one-third  the  cost  of  the  same  grade  of  coal  in  San  Francisco. 
The  electrical  energy  of  Niagara  is  practically  all  utilized  in  the  immediate  vicinity 
of  the  generating  station,  not  more  than  10  per  cent  as  a  maximum  being  transmitted 
to  Buffalo,  approximately  25  miles  away. 

In  California  the  problem  is  of  a  very  different  character.  The  water  power  is 
rarely  situated  near  the  point  of  power  consumption,  and  while  at  Niagara  the  supply 
of  water  is  practically  unlimited  and  constant  throughout  the  year,  in  this  State,  as 
has  been  shown,  the  supply  of  water  is  much  less  and,  when  unrestricted,  subject  to 
great  variation  throughout  the  season.  Naturally,  then,  while  at  Niagara  the  water 
is  utilized  under  an  effective  head  of  nearly  150  feet,  a  large  amount  of  water  being 
used,  in  corresponding  hydro-electric  stations  on  the  Pacific  coast,  much  higher  heads 
are  utilized,  the  quantity  of  water  necessary  being  thus  reduced. 

Water  pressures  resulting  from  1,000  to  1,500  foot  heads  are  used  in  some  instances, 
and  in  every  case  the  electrical  power  generated  must  be  transmitted  from  10  to  '80 
miles  to  the  point  of  utilization.  The  California  water-power  electrical  stations  are, 
as  a  rule,  small  in  capacity  as  compared  with  the  Niagara  plant,  but  the  number  of 
such  installations  has  increased  very  rapidly  within  the  last  six  years.  Two  succes- 
sive dry  seasons  have  introduced  difficulties  of  great  consequence,  yet  progress  has 
been  made  and  success  in  the  majority  of  cases  assured. 
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Having  indicated  a  few  of  the  engineering  interests  of  the  State  in  this  brief  and 
necessarily  incomplete  outline,  let  us  consider  the  relation  of  the  State  University  and 
its  engineering  departments  to  such  problems.  The  University,  and  particularly  the 
experimental  laboratories,  should  be  available  whenever  possible  in  assisting  in  deter- 
mining results.  The  agricultural  laboratories  and  experiment  stations  are  intimately 
connected  with  the  agricultural  interests  of  the  people  of  the  State,  and  in  the  same 
sense  our  University  engineers  should  study  the  corresponding  conditions  in  their 
own  lines. 

I  can  not  too  strongly  present  the  cause  of  the  experimental  engineering  laboratory, 
nor  is  it  necessary  that  laboratory  work  be  confined  to  the  university  buildings  and 
equipment.  Wherever  opportunity  is  offered  for  experimental  work  of  an  interest- 
ing and  advanced  character,  there,  for  the  time,  should  be  the  laboratory  of  the  State 
University.  Work  of  such  character  is  of  more  importance  often  than  that  conducted 
in  the  laboratory  rooms. 

I  wish  to  interpose  here  one  pointed  statement.  In  many  State  colleges  and  univer- 
sity mechanical  shop  practice  is  considered  of  great  importance  and  often  is  carried 
on  in  all  its  details,  the  higher  and  more  advanced  real  laboratory  work  of  infi- 
nitely more  value  having  no  place  in  the  course  of  instruction.  Mechanical-shop  prac- 
tice is  not  laboratory  work,  and  should  not  be  considered  as  such;  again,  manual 
training  is  not  mechanical-shop  practice.  In  many  cases  manual  training,  or  the  mak- 
ing of  a  few  set  pieces,  is  about  the  extent  of  the  experience  the  student  gets  in  a 
machine  shop.  The  set  pieces  may  or  may  not  have  any  useful  function,  and  may  or 
may  not  be  a  part  of  a  complete  machine.  Shop  pieces  are  of  use  in  developing  skill, 
but  the  modern  university  can  not  be  utilized  for  teaching  handicraft  or  a  trade.  In 
fact,  the  university  is  no  place  for  such  instruction.  Very  few  institutions  are  at  all 
adequately  equipped,  and  those  that  have  expended  money  for  such  equipment  might 
much  better  have  built  up  even  a  small  working  laboratory. 

Machine-shop  practice,  then,  should  be  secondary  in  importance  to  laboratory  work, 
and  in  every  case  the  machine  shop  and  its  work  should  be  utilized  to  assist  the  lab- 
oratory. The  product  of  the  shops  should  be  machines  and  appliances  designed  for 
and  used  by  the  laboratory.  Drawings  may  come  to  the  shops  from  some  manufac- 
turing company  interested  in  the  particular  line  of  work  to  be  taken  up  in  the  labo- 
ratory; in  the  shops  these  machines  might  be  constructed,  adapted,  and  changed  to 
suit  the  conditions  for  experiments  in  the  laboratory. 

The  University  then,  if  it  has  shops,  should  use  them  as  all  shops  are  used  in  prac- 
tice— actually  to  construct  machines. 

One  conclusion  must  therefore  be  drawn :  The  machine  shops  should  be  under  the 
direction  of  the  experimental  engineering  departments,  and  should  be  so  closely 
allied  that  no  difficulty  whatever  could  exist  to  interfere  with  the  success  of  the  gen- 
eral plan. 

Regarding  the  value  of  apparatus  constructed  especially  for  the  laboratory,  the 
work  in  physics  is  somewhat  the  same  as  in  engineering,  and  the  department  of 
physics  should  be  in  close  touch  with  the  university  shops,  unless  a  separate  mechani- 
cian and  suitable  equipment  is  provided  for  each  such  department. 

But  it  certainly  does  not  follow  that  under  any  circumstances  engineering  work, 
and  particularly  electrical-engineering  work,  should  be  under  the  direction  of  the 
department  of  physics.  The  study  of  electricity  and  the  study  of  electrical  engineer- 
ing are  two  very  different  lines  of  work,  and  I  take  it  that  engineering  instruction  is, 
in  many  respects,  different  from  scientific  or  physical  instruction.  The  engineering 
student  is  not  only  anxious  to  become  familiar  with  the  different  studies  of  his  uni- 
versity course,  but  a  certain  amount  of  actual  information  must  be  gained  during  his 
university  career,  and  particularly  in  his  engineering  wrork.  This  information  is 
gained  from  two  main  sources,  the  one  the  library,  the  other  the  laboratory. 

There  is  a  tendency  at  the  present  time  to  neglect  the  engineering  library,  too  great 
stress  being  put  upon  the  laboratory.    This  certainly  should  not  be. 

Considering  in  detail  the  work  of  the  electrical-engineering  laboratory,  it  must  be 
said  that  certain  routine  and  fundamental  work  is  necessary  for  all  students.  How- 
ever, the  particular  work  of  an  advanced  character  which  is  of  interest  and  value  to  the 
engineering  profession  in  California  is  in  connection  with  the  electrical  transmission 
of  power. 

Using  any  predetermined  system,  the  cost  of  copper  necessary  to  transmit  a  given 
quantity  of  electrical  energy  over  a  certain  distance  with  a  given  loss  in  the  line  varies 
inversely  as  the  square  of  the  voltage. 

If  the  distance  is  doubled,  and  the  loss  in  the  line  and  the  cost  of  the  copper  remain 
the  same,  the  electrical  pressure  must  be  increased  in  the  ratio  of  1  to  the  square 
root  of  2,  or  as  the  square  root  of  the  increased  distance.  The  commercial  success 
of  electrical-power  transmission  then  depends  largely  upon  our  ability  to  use  high 
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voltages.  High  voltage  in  turn  requires  the  best  insulation  for  the  wires  of  the 
transmission  system.  The  question  of  insulators,  then,  is  of  the  greatest  importance. 
These  insulators  have  been  made  of  porcelain  and  also  of  glass;  both  materials  have 
been  successfully  used  and  both  may  be  found  in  use  in  many  systems.  Climatic 
conditions  may  have  much  to  do  with  the  question  of  insulation,  as  the  experience  of 
many  engineers  in  California  has  shown.  One  system  of  electrical-power  transmis- 
sion, which  is  designed  to  deliver  into  the  city  of  Los  Angeles  4,000  horsepower 
from  a  water-power  station  83  miles  away,  has  successfully  used  an  electrical  pressure 
of  33,000  volts.  This  line  has  been  in  operation  for  some  time  and  is  said  to  be  giv- 
ing complete  satisfaction.  For  greater  distances  higher  pressure  must  be  used  in  order 
that  the  success  of  such  systems  from  the  commercial  standpoint  may  be  assured. 
Here,  then,  is  a  field  for  the  electrical  laboratory,  not  that  laboratory  tests  only  should 
be  made,  but  engineering  tests,  actually  under  working  conditions. 

The  distribution,  control,  and  utilization  of  transmitted  electrical  energy  is  another 
problem  which  must  be  investigated  with  care.  The  large  Eastern  manufacturing 
companies  have  done  all  the  work  along  these  lines  that  has  been  done,  but  extra- 
ordinary conditions  need  to  be  met,  and  further  investigation,  under  changed  condi- 
tions, should  result  in  many  improved  methods. 

These  few  illustrations  must  suffice  for  specific  cases.  Certainly  many  other  fields 
exist  in  which  the  electrical  engineering  laboratories  of  the  university  may  be  of  use 
to  local  engineers.  Rarely  do  we  find  the  consulting  or  constructing  engineer  who 
finds  the  time  to  thoroughly  investigate  the  problems  daily  interesting  him.  In 
many  cases,  too,  facilities  are  not  at  hand  for  such  work.  The  engineering  labora- 
tories of  the  State  university  should  be  available  for  the  consideration  of  such  matters, 
and  results  many  times  determined  with  but  little  loss  of  time. 

This  can  only  be  when  university  men  and  outside  engineers  have  a  common 
interest  in,  and  a  thorough  understanding  of,  local  conditions.  The  engineering  field 
is  so  broad  that  our  university  men  should  study  particularly  along  lines  of  greatest 
interest  and  value  to  their  own  State,  rather  than  attempt  to  model  their  work  to  the 
standard  of  some  older  and  perhaps  larger  institution,  whose  work  is  in  many  respects 
foreign  to  their  own. 

This  paper  called  forth  a  lively  discussion.  The  question  of  experimental  work  in 
irrigation  came  up  incidentally.  The  trend  of  the  discussion  indicated  that  it  was 
the  sense  of  the  meeting  that  all  work  along  the  line  of  experimental  irrigation  engi- 
neering should  be  placed  in  charge  of  the  experiment  stations. 

It  was  moved  by  President  Patterson  and  seconded  by  Professor  Cory  that  the 
section  recommend  to  the  Association  that  its  papers  be  published  in  full,  if  possible; 
otherwise  that  at  least  an  abstract  be  printed  in  the  proceedings  of  the  Association 
(see  p.  47) .  It  was  urged  that  these  papers  should  be  put  in  permanent  shape;  that 
under  the  present  organization  of  the  Section  of  Mechanic  Arts  it  is  difficult  to 
secure  papers  of  a  valuable  character,  due  to  the  fact  that  they  are  presented  before 
such  a  limited  number  of  men.  By  incorporating  these  papers  in  the  proceedings, 
the  scope  of  the  section  would  be  very  greatly  enlarged. 

For  officers  for  following  year  see  p.  48. 

The  following  papers  were  read  by  title:  "  The  Agricultural  Engineer,"  by  W.  T. 
Magruder;  "Some  Objections  to  Early  Differentiation  of  Engineering  Courses,"  by 
J.  C.  Nagle;  "Some  Observations  of  Teaching  Methods,"  by  H.  Gwinner;  "The 
Teaching  of  Machine  Design,"  by  J.  T.  Faig.    The  first  two  of  these  are  given  below: 

The  Agricultural  Engineer. 
By  Wm.  T.  Magruder. 

The  history  of  technical  education  in  this  country  is  the  history  of  development 
by  specialization  and  by  differentiation.  In  the  present  century  our  engineering 
colleges  are  but  repeating  the  same  ' '  process  of  natural  differentiation  by  which 
the  more  modern  faculties  of  the  European  university  arose  out  of  the  primitive 
university." 

Up  to  the  beginning  of  this  century  all  engineers  were  self-taught.  The  first  two 
students  to  be  granted  the  distinction  of  being  called  engineer  were  graduated  in 
1802  from  the  Military  Academy  at  West  Point.  In  the  next  twenty-five  years,  out 
of  the  500  men  who  were  graduated  there,  57  were  civil  engineers.  In  1828  the 
Institution  of  Civil  Engineers  of  Great  Britain  received  its  charter.    In  1840  the 


104 


Rensselaer  Polytechnic  Institute  graduated  13  civil  engineers,  who  were  the  first 
college  graduates  in  civil  engineering  in  any  English-speaking  country.  The  schools 
of  engineering  of  Union,  Harvard,  Yale,  and  Michigan  followed  within  the  next 
twelve  years.  In  1863  the  Columbia  School  of  Mines  was  founded.  It  was  the  first 
school  in  this  country  which  recognized  mining  as  an  applied  science  and  mining 
engineering  as  a  course  of  study  leading  to  a  degree.  In  1861  the  Massachusetts 
Institute  of  Technology  was  incorporated  and  in  1868  graduated  its  first  class,  which 
consisted  of  5  civil  engineers,  1  mechanical  engineer,  6  mining  engineers,  and  1  grad- 
uate in  science.  In  1868  the  first  degrees  in  mechanical  engineering  were  conferred  ; 
5  by  the  Rensselaer  Polytechnic  Institute,  1  by  Yale,  and  1  by  the  Massachusetts 
Institute.  An  electrical  engineering  course  was  started  at  Stevens  Institute  in  1880 
and  at  Cornell  in  1885,  along  with  a  course  in  marine  engineering.  The  course  in 
chemical  engineering  as  first  laid  out  by  the  Massachusetts  Institute  of  Technology 
is  the  latest  differentiation — itself  a  specialized  course  in  mechanical  engineering. 

The  mighty  forces  are  still  at  work  which  brought  about  this  differentiation;  first 
from  military  engineering,  then  from  civil  engineering,  and  then  from  mechanical 
engineering.  They  are  still  potential  and  active,  and  are  but  following  the  law  of  supply 
and  demand.  With  the  demand  for  quicker  transportation  by  sea  and  by  land  came 
the  canal  and  the  railroad,  and  with  them  came  the  civil  engineer.  With  the  greater 
demand  for  fuels,  especially  for  metallurgical  purposes,  and  for  the  more  costlv 
metals  came  hoisting  and  pumping  engines,  the  smelter  and  the  converter,  and  with 
them  came  the  mining  and  metallurgical  engineer.  When  it  became  necessary  and 
possible  to  replace  the  hand  pumps  and  horse  powers  of  our  grandfathers  with  the 
triple-expansion  high-duty  pumping  engine  and  the  Corliss  or  Willans  engine  of 
to-day,  the  mechanical  engineer  was  needed  to  design,  construct,  and  operate  such 
complicated  machinery.  Similarly  with  the  dynamo  and  electric  motor  came  the 
electrical  engineer,  or  mechanical  engineer  whose  specialty  was  electricity;  and  with 
the  vacuum  pan,  gas  retort,  and  pulp  mill  came  the  chemical  engineer. 

Since  the  passage  of  the  land-grant  bill  of  1862  and  the  Morrill  act  of  1890,  coupled 
wTith  the  immense  tide  of  immigration  to  this  country,  gigantic  strides  have  been 
made  in  the  realm  of  agricultural  science  and  development,  and  with  this  develop- 
ment has  come  the  great  and  still  growing  demand  for  agricultural  machinery,  tools, 
and  conveniences. 

When  the  implements  of  the  average  farm  consisted  of  a  few  hand  tools,  compara- 
tively little  general  skill  was  required  in  their  use,  care,  and  repair;  for  their 
manufacture  but  few  special  appliances  were  required,  and  ordinary  commercial 
manufacturing  ability  sufficed  to  keep  the  price  down  so  as  to  reap  a  goodly  profit. 
With  the  introduction  of  the  more  complicated  forms  of  farm  machinery,  as  seen  in 
the  mower,  reaper,  harvester,  and  separator,  and  with  the  keener  competition 
between  the  manufacturers  of  rival  machines,  the  best  of  engineering  skill  and  ability 
has  been  sought  and  employed  in  the  manufacture  and  the  testing  of  these  machines. 
That  the  price  of  agricultural  machinery  has  been  reduced  so  much  in  the  past  few 
years  is  the  triumph  of  the  mechanical  engineer  whose  specialty  is  agricultural 
machinery. 

The  popular  impression  is  that  agricultural  machinery  is  made  in  the  foundry  and 
put  together  by  boys  in  the  snag  shop,  and  that  it  is  anything  but  accurately  fitted. 
On  the  contrary,  there  is  but  little  machinery  manufactured  on  which  the  limits  are 
closer.  It  is  doubtful  if  even  watchmaking  machinery  is  any  more  accurate  in  pro- 
portion. A  few  cases  will  illustrate  the  point  in  detail.  In  the  manufacture  of  a 
mowing  machine  the  greatest  allowable  variation  from  exactness  is  the  one-hundredth 
of  an  inch  in  the  30  inches  between  two  holes  in  the  mower  shaft,  and  even  this  is 
considered  a  large  allowable  variation.  On  a  brass  bush  for  the  same  the  limit  is  five 
one-thousandths  of  an  inch  on  the  inside  running  fit  and  one  one-thousandth  of  an 
inch  on  the  outside  driving  fit.  In  a  certain  agricultural  machinery  works  a  machin- 
ist in  the  tool  room  wTas  told  to  make  a  13^-inch  length  gauge  out  of  a  bar  of  f-inch 
square  steel.  A  24-inch  steel  scale  and  a  magnifying  glass  were  his  only  instruments 
of  measurement.  Later,  this  bar  was  measured  on  a  Pratt  &  Whitney  comparator 
and  found  to  be  13.334  inches,  or  two-thirds  of  one  one-thousandth  long.  In  the 
testing  of  new  agricultural  machinery  it  is  not  unusual  to  send  a  competent 
mechanic  with  the  machine  into  the  field,  with  instructions  to  test  it  as  severely  as 
possible,  so  as  to  discover  to  the  rnanufucturer  its  defects  before  other  machines  are 
generally  put  on  the  market;  and  to  this  end  a  score  of  machines  may  be  put  into 
the  hands  of  farmers  in  different  portions  of  the  country  for  thorough  and  practical 
test.  For  these  positions  are,  therefore,  required  men  who  understand  the  practical 
difficulties  of  the  field  and  farm  and  can  apply  the  knowledge  so  gained  in  rectifying 
the  difficulties  so  discovered. 

On  many  of  the  farms  of  the  West  and  South  will  be  found  collections  of  machinery 
and  agricultural  implements  aggregating  thousands  of  dollars.    In  order  that  the 


105 


same  should  have  a  chance  to  wear  out  and  not  rust  out,  they  should  be  kept  up  to 
their  maximum  point  of  efficiency.  The  day  has  long  since  passed  when  an  ignorant 
farm  hand  at  $15  to  $30  a  month  is  required  or  allowed  to  take  charge  of  and  keep 
in  repair  the  $500  to  $5,000  worth  of  machinery  which  can  now  be  found  on  many  of 
our  farms.  On  the  largest  farms  and  plantations  several  competent  men  are  required 
during  the  seasons  of  use  to  be  continually  fixing  and  repairing  these  machines  and 
keeping  them  in  the  best  condition.  Between  seasons,  these  same  men  act  as  handy 
men  in  other  lines  of  mechanical  industry,  provided  they  do  not  migrate.  Even  on 
our  smaller  farms,  a  mechanic  with  judgment  and  experience  can  find  many  places 
Where  his  mechanical  knowledge  and  skill  can  be  economically  applied.  And  what 
is  true  of  the  farm  and  plantation  is  equally  true  of  the  dairy  and  creamery.  In  the 
above  avocations,  a  skillful  agricultural  machinist  is  required;  and  if  he  has  had  the 
education  afforded  by  our  agricultural  and  mechanical  colleges,  he  is  just  that  much 
better  off  in  personal  equipment  and  is  of  greater  value  to  his  employer. 

But  as  from  the  surveyor,  the  miner,  the  mechanic,  the  electrician  have  been 
evolved  the  civil,  the  mining,  the  mechanical  and  the  electrical  engineer,  respectively, 
so  from  the  agricultural  machinist,  and  to  superintend  the  manufacture  of  agricul- 
tural implements  and  machinery,  has  been  evolved  the  agricultural  engineer. 

Let  us  now  consider  what  his  training  should  be  for  the  positions  which  he  is  com- 
petent to  fill.  From  what  has  already  been  said,  it  is  evident  that  the  agricultural 
engineer  is  a  skilled  mechanic  who  by  natural  genius,  by  acquired  skill  and  judg- 
ment, and  by  much  study 'either  in  the  school  of  experience  or  in  one  of  our  tech- 
nical schools,  has  risen  above  the  ranks  and  has  become  a  leader,  and  is  competent 
to  design,  construct,  and  manufacture  new  machinery  and  appliances  which  shall 
successfully  fill  the  needs  of  the  agriculturist.  In  a  word,  he  is  a  mechanical  engineer 
whose  specialty  is  agriculture,  and  belongs  to  the  same  class  or  family  as  do  the 
electrical,  locomotive,  or  marine  engineer,  and  should  be  the  special  subject  of  con- 
sideration of  our  agricultural  and  mechanical  colleges.  He  should  receive  not  only 
a  most  thorough  grounding  in  the  underlying  principles  of  engineering  sciences,  but 
should  in  his  senior  and  post-graduate  years  take  such  work  in  agriculture  as  will 
enable  him  to  understand  and  to  appreciate  the  problems  of  the  agriculturist.  He 
should  be  given  a  much  more  thorough  course  in  shop  work  and  in  drawing  than  is 
given  to  the  average  agricultural  student,  because  he  must  be  something  more  than 
simply  "handy  with  tools;"  he  must  be  as  nearly  a  journeyman  mechanic  as  it  is 
possible  for  the  schools  to  make  him,  and  he  must  understand  the  principles  under- 
lying all  shop  manipulations  and  processes.  As  manufacturing  may  be  his  end, 
economics,  labor  problems,  cost  accounts,  as  well  as  problems  in  the  mechanics  of 
manufacture,  should  be  carefully  studied.  Under  mechanism  should  be  included 
the  study  not  only  of  those  mechanisms  now  found  on  agricultural  machinery,  but 
the  principles  which  will  enable  him  to  design  new  and  adapt  old  mechanisms  to 
new  ends.  Under  the  dynamics  of  machinery  should  be  included  not  only  the 
subject  of  animal  mechanics  and  the  draft  of  vehicles,  plows,  etc.,  but  the  dynamics 
of  transmission  machinery. 

Now  that  steam  boilers  and  steam  and  gasoline  engines  are  so  generally  used  in 
the  field,  on  the  road,  and  in  the  factory,  it  is  desirable  that  the  man  who  is  to  super- 
intend them  should  have  more  than  a  superficial  knowledge  of  them  and  of  their 
construction  and  needs.  The  fellow  who  simply  does  not  let  the  boiler  explode  and  has 
sense  enough  to  send  to  town  for  a  mechanic  when  he  thinks  that  his  boiler  may  need 
some  tinkering,  possibly  earns  all  the  wages  that  he  gets;  but  the  man  who  by  stop- 
ping all  leaks  by  keeping  the  inside  of  his  boiler  clean,  and  by  careful  and  thoughtful 
firing  evaporates  more  water  per  pound  of  coal,  frequently  saves  to  his  employer 
more  money  than  he  receives. 

With  the  introduction  of  machinery  into  the  dairy,  the  creamery  and  the  cheese 
factory,  the  old  vine-covered  spring  house  has  put  off  its  traditional  rural  ways, 
machinery  has  taken  the  place  of  human  hands,  and  the  evil-smelling  ammonia  has 
displaced  the  cooling,  trickling  stream  of  spring  water,  and  the  trained  and  scientific 
agriculturist  has  superseded  the  milkmaid  of  song  and  fable.  Here,  then,  we  have 
need  for  the  engineer  who  has  a  wide  training  and  experience  in  chemistry  and  in 
physics. 

Now  that  the  demand  is  arising  for  competent  men  to  invent,  construct,  care  for, 
and  operate  our  farm  machinery,  does  it  not  become  the  duty  of  at  least  our  agri- 
cultural and  mechanical  colleges  to  pay  special  attention  and  give  more  time  than  at 
present  to  the  principles  underlying  this  rapidly  growing  specialty;  and  is  not  the 
time  near  at  hand  when  all  agricultural  students  shall  receive  instruction  in  the 
mechanics  of  machinery,  and  in  the  practical  care  and  construction  of  agricultural 
and  creamery  machinery  from  the  mower  to  the  ammonia  refrigeration  plant?  Such, 
it  would  seem  to  the  writer,  is  the  field  of  labor  and  of  enterprise  of  the  agricultural 
engineer. 
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Some  Objections  to  Early  Differentiation  of  Engineering  Courses. 
By  J.  C.  Nagle. 

The  conditions  existing  in  our  agricultural  and  mechanical  colleges,  and  especially 
in  those  of  the  Southern  and  Western  States;  are  radically  different  from  those  exist- 
ing in  the  larger  universities  and  purely  engineering  institutions.  What  follows  in 
this  paper  is  intended  to  apply  particularly  to  such  agricultural  and  mechanical  col- 
leges, though  the  same  things  will  apply,  at  least  in  part,  to  the  universities  and  other 
technical  institutions  that  are  especially  equipped  for  giving  engineering  instruction. 
_  It  is  perhaps  safe  to  say  that,  with  the  existing  multiplicity  of  engineering  applica- 
tions, no  man  now  living  can  cover  the  whole  field  of  engineering  science  as  did 
Rankine  a  half  century  ago,  and  be  a  recognized  authority  in  all  its  branches.  But 
underlying  all  lines  of  engineering  applications  are  certain  common  principles  that 
require  practically  the  same  treatment  in  one  branch  as  in  another,  and  it  is  my 
belief  that  the  extent  of  this  common  ground  is  much  greater  than  is  generally 
assumed  to  be  the  case.  When  we  consider  that  it  was  only  in  1835  that  the  first 
graduate  civil  engineers  were  sent  out  from  an  American  institution  (Rensselaer  Poly- 
technic School,  founded  in  1825) ,  we  can  see  by  reference  to  the  manifold  branches 
of  engineering  now  practiced,  and  the  multiplicity  of  engineering  degrees  conferred 
by  technical  institutions,  how  wonderfully  rapid  has  been  the  growth  of  the  con- 
structive side  of  industrial  development,  In  Great  Britain  schools  offering  what  may 
be  termed  strictly  engineering  courses  were  developed  even  later  than  in  the  United 
States.  In  1840  University  College,  London,  offered  such  a  course,  and  about  the 
same  time  the  chair  of  civil  engineering  was  established  in  the  University  of  Glasgow, 
and  occupied  by  Rankine.  Smeaton,  who  first  bore  the  new  title,  began  to  be  heard 
from  at  an  earlier  date,  however,  and  whether  or  not  the  constructors  bore  the  name 
of  "engineer,"  it  is  certain  that  works  involving  important  engineering  principles 
were  constructed  long  before  that  time.  However,  the  scientific  principles  underly- 
ing constructive  operations  have  been  understood  for  little  more  than  half  a  century. 

Although  intended  to  distinguish  the  work  of  the  general  engineering  practitioner 
from  the  specific  work  necessary  in  military  operations,  civil  engineering  covers  much 
that  is  included  in  military  engineering,  and  as  early  as  the  beginning  of  this  century 
the  United  States  Military  Academy  was  preparing  men  who  have  distinguished 
themselves  in  both  branches  of  engineering.  The  differentiation  of  the  term  ' '  civil 
engineer"  began  less  than  a  third  of  a  century  ago.  In  1867  mining  engineers  were 
sent  out  from  the  technical  schools;  mechanical  engineers  began  to  appear  in  1870, 
while  electrical  engineers  were  not  heard  of  until  1885.  The  many  other  engineering 
degrees  now  conferred  by  technical  schools  have  had  their  origin  at,  perhaps,  more 
recent  dates,  and  their  number  has  now  so  multiplied  that  one  is  often  in  doubt  as  to 
what  meaning  they  were  intended  to  convey. 

It  is  true  that  the  engineering  conditions  now  existing  are  so  varied  that  no  one 
course  or  degree  can  possibly  cover  them  all,  but  it  is  no  less  true  that  an  unfortunate 
desire  for  specialization  has  brought  about  attempts  at  such  early  differentiation,  as 
not  only  to  unduly  limit  the  mental  horizon  of  the  engineering  graduate,  but  has 
entailed  unnecessary  expense  upon  the  institutions  offering  engineering  courses. 

In  our  agricultural  and  mechanical  colleges  the  entrance  requirements  are,  in 
general,  entirely  too  low,  both  as  regards  age  and  mental  acquirements.  The  cause  of 
this  lies,  for  one  thing,  in  the  belief  that  in  order  to  reach  the  class  of  students  for 
whose  benefits  the  colleges  were  instituted  the  requirements  must  be  kept  low.  Boys 
from  country  schools  are  not  usually  well  equipped,  and  it  is  argued  that  they  can  not 
spare  the  time  necessary  to  attend  suitable  preparatory  schools.  As  a  result  they  are 
allowed  to  enter  with  inadequate  preparation  and  are  then  put  through  a  forcing  proc- 
ess that  is  supposed  to  fit  them  for  their  life's  work.  In  order  to  make  room  for  even 
brief  courses  in  the  subjects  needed  in  the  technical  subjects,  the  general  culture  studies 
are  cut  down  to  the  lowest  possible  point,  with  a  necessarily  hurtful  result,  A  tech- 
nical graduate  makes  all  the  better  engineer  for  having  had  a  good  general  education, 
as  every  experienced  engineer  will  admit,  though  many  declare  such  studies  as  the 
dead  languages  to  mean  a  waste  of  time  pure  and  simple.  It  would  seem  that  the 
study  of  modern  languages  would  serve  the  same  culture  end  and  at  the  same  time 
give  the  young  engineer  invaluable  training,  and  to  this  extent  it  may  be  correct  to 
say  that  work  on  the  dead  languages  is  work  wasted.  It  is  certain  that  with  the 
present  crowded  curricula  of  our  agricultural  and  mechanical  colleges  only  such  gen- 
eral culture  studies  can  be  taken  as  are  absolutely  necessary,  though  such  subjects  as 
French  and  German  are  the  tools  of  the  engineer,  just  as  is  mathematics,  though  to 
a  less  degree,  perhaps. 

Another  reason  for  low  entrance  requirements  lies  in  the  idea,  so  unfortunately 
prevalent,  that  mechanics  and  agriculture  should  be  placed  upon  exactly  the  same 
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basis.  In  sections  where  agriculture  has  heretofore  held  the  most  important  position, 
as  it  has  in  the  South,  it  is  not  always  easy  to  convince  those  in  other  pursuits  that 
mechanics  needs  an  entirely  different  treatment.  Under  the  term  "mechanics"  I 
mean  to  include  all  the  branches  of  engineering  as  taught  in  our  colleges.  While  I 
was  a  farmer  before  becoming  an  engineer,  I  am  not  prepared  to  say  what  the  require- 
ments should  be  in  an  agricultural  course  either  for  entrance  or  for  graduation;  but 
as  result  of  observation  the  conclusion  has  been  forced  upon  me  that  those  in  charge 
of  such  courses  do  not  desire  as  high  a  grade  of  entrance  requirements,  or  as  much 
time  afterwards  as  the  engineering  educator  feels  to  be  absolutely  necessary  in  order 
to  cover  even  the  elementary  principles  of  engineering.  As  a  result  of  this  difference 
the  engineering  courses  are  held  back  and  their  development  retarded  by  the  effort 
to  give  prominence  to  agriculture,  or  even  by  the  effort  to  maintain  the  output  of  the 
two  divisions  of  the  college  on  a  parity. 

As  our  courses  are  now  given  the  engineering  student  has  gone  but  a  little  way 
before  being  confronted  with  the  necessity  of  choosing  between  several  special  courses. 
His  undeveloped  mind  is  too  immature  to  be  capable  of  making  a  discriminating  com- 
parison of  the  relative  values  of  the  several  courses  that  may  be  open  to  him;  nor  is 
he  able  to  tell  for  which  one  he  has  most  inclination,  to  say  nothing  of  natural  adapt- 
ability. As  a  result  he  frequently  finds,  when  too  late,  that  he  would  have  preferred 
a  different  course,  for  being  older  and  more  mature — as  well  as  having  some  idea  of 
the  basic  principles  of  such  courses — he  is  able  to  choose  more  carefully  and  with  more 
regard  to  his  own  natural  qualifications.  We  are  all  familiar  with  the  frequent  peti- 
tions to  be  allowed  to  change  courses  that  our  faculties  have  to  deal  with.  As  it  hap- 
pens the  courses  are  usually  so  different  from  the  beginning  that  the  student  is  now 
debarred  from  making  the  change  by  the  utter  impossibility  of  his  being  able  to  make 
up  the  omitted  subjects  in  the  time  allotted  to  his  course,  and  so  he  goes  on  to  gradu- 
ation only  to  abandon  his  profession  afterwards,  or  else  to  hold  a  minor  position  when 
in  some  other  branch  he  might  easily  have  risen  to  the  higher  ranks. 

Necessarily  the  young  engineering  graduate  must  depend  largely  upon  circumstances 
for  the  opening  he  first  secures.  In  some  sections  there  are  better  opportunities  in 
one  line  than  in  others,  and  if  this  happens  to  be  the  one  followed  by  the  student  at 
college,  he  has  only  himself  to  blame  if  he  fails  to  secure  promotion  in  it.  If  he 
has  taken  some  other  course  he  is  compelled  to  take  what  he  can  get  and  prepare 
himself  afterwards,  or  else  seek  new  fields.  Just  at  the  present  time  the  best  and 
largest  number  of  openings  for  engineers  in  Texas  are  in  civil  engineering,  and  as  a 
result  several  of  our  mechanical  engineering  graduates  have  gone  into  that,  preparing 
themselves,  as  best  they  could,  while  going  on  with  then  work. 

If  the  college  courses  were  so  arranged  that  all  engineering  students  should  have  a 
considerable  amount  of  common  work  in  all  courses  so  that  the  elementary  principles 
of  each  had  been  taken  up  more  or  less  thoroughly,  the  engineering  graduate  would 
then  be  able  to  enter  any  one  of  the  practical  branches  in  some  minor  capacity,  fitting 
himself  for  the  higher  work  while  acquiring  familiarity  with  the  practical  details  with 
which  he  may  happen  to  be  engaged.  I  do  not  wish  to  be  understood  as  saying  that 
any  one  of  the  courses  as  now  given  should  be  cut  down  to  allow  for  the  general 
training  in  engineering  referred  to,  but  the  special  grounds  belonging  to  any  one  course 
should  be  covered  during  post-graduate  study,  in  case  a  degree  should  be  conferred 
at  the  end  of  the  period  now  allotted  to  engineering  studies.  Even  then  it  is  useless 
to  say  that  a  man  should  follow  the  special  line  for  which  he  has  prepared  himself, 
unless  the  opportunity  to  do  so  is  open  to  him.  Circumstances,  and  local  conditions, 
control  when  he  is  beginning,  and  the  influence  of  the  work  first  associated  with  will 
tend  to  keep  him  in  that  line  afterwards. 

There  are  more  points  of  difference,  perhaps,  between  civil  and  mechanical  engi- 
neering than  between  any  other  two.  Electrical  engineering  is  closely  allied  to  mechan- 
ical engineering;  sanitary  and  municipal  engineering  are  closely  related  to  civil 
engineering,  Avhile  mining  engineering  includes  more  or  less  of  the  fields  embraced 
in  all  the  others.  Yet  the  civil  engineer  needs  to  know  much  of  what  is  taught 
usually  to  mechanical  engineers  only,  and  on  the  other  hand  the  mechanical  engi- 
neer has  frequent  use  for  things  now  taught  to  civil  engineers  alone.  To  illustrate: 
The  civil  engineer  who  designs  a  swing  bridge  must  know  enough  of  mechanical 
engineering  to  properly  design  the  operating  mechanism,  though  as  regards  the 
engine  or  motor  he  may  need  to  know  no  more  than  is  necessary  to  enable  him  to 
select  the  best  one  for  his  purpose.  In  the  building  of  a  railroad  the  conditions 
governing  the  economical  operation  of  trains  must  be  kept  constantly  in  mind,  and 
the  gradients  so  selected  as  to  adjust  the  matter  of  first  cost  and  the  expenses  of 
operation  that  the  resulting  aggregate  when  capitalized  shall  be  a  minimum.  In 
hydraulics  the  principles  governing  the  design  of  turbines  and  pumping  machinery 
must  be  understood  by  the  civil  engineer,  although  it  may  not  be  necessary  for  him 
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to  design  either.  Among  the  ways  in  which  the  necessity  of  a  knowledge  of  the 
principles  of  civil  engineering  present  themselves  to  the  mechanical  engineer  may 
be  mentioned  the  setting  of  foundations,  the  flow  of  liquids  in  pipes,  and  a  hundred 
others.  In  the  matter  of  a  cable-car  line  both  civil  and  mechanical  engineering  come 
into  play,  while  for  an  electric  car  line  electrical  engineering  is  needed  as  well. 

All  engineers  need  to  know  the  fundamental  principles  of  the  ' '  mechanics  of  mate- 
rials," together  with  the  constants  and  characteristics  of  the  more  common  materials 
of  construction,  so  that  it  would  seem  that  just  about  as  much  could  be  learned  from 
a  general  course  that  gave  the  principal  applications  in  the  various  branches  as  from 
the  special  applications  now  given  in  each  of  the  courses,  at  the  same  time  that  each 
class  of  students  would  gain  some  knowledge  of  the  other  branches.  In  the  matter 
of  testing  laboratories  and  laboratory  work  in  general  there  has  been  a  tendency  to 
go  too  far.  Just  enough  should  be  given  to  illustrate  the  basic  laws  of  matter  and 
force  and  to  firmly  fix  them  in  the  student's  mind,  and  this  can  be  done  for  many 
courses  jointly.  An  occasional  commercial  test  may  be  of  value,  but  only  such  experi- 
ments should  be  chosen  as  will  best  illustrate  the  subject-matter  touched  upon  in  the 
texts.  I  say  texts  because  I  do  not  believe  that  our  agricultural  and  mechanical 
colleges  can  make  use  of  the  lecture  system  as  long  as  our  students  are  as  immature 
as  they  now  are.  In  experimental  engineering  students  in  all  engineering  courses 
should  know  something  of  the  fundamental  tests  of  the  strength  of  materials,  and  it  is 
well  to  overlap  in  other  respects.  Engine  tests  and  the  calibration  of  dynamometers, 
measuring  apparatus — such  as  planimeters,  steam  and  water  gauges,  ammeters,  volt- 
meters, etc. — should  be  required  at  some  period  of  the  course,  even  though  a  particular 
student  may  have  need  for  but  a  few  of  them  afterwards.  The  variety  of  work  taken 
would  enable  him  later  on  to  cope  with  unexpected  difficulties  arising  in  practice. 

As  regards  the  economy  of  instruction,  there  is  no  question  but  that  it  would  be 
cheaper  to  have  all  courses  identical  up  to  the  beginning  of  the  senior  year.  What 
would  be  saved  in  the  avoidance  of  duplicating  teachers  could  be  well  expended  in 
additional  equipment,  or  in  the  increase  of  the  salaries  of  those  employed,  for  with 
the  limited  means  at  the  disposal  of  such  institutions  as  are  here  referred  to  the  best 
teachers  can  not  always  be  retained. 

The  real  object  of  an  engineering  course  is  not  so  much  to  fill  the  student's  mind 
with  a  mass  of  facts,  either  isolated  or  correlated,  as  it  is  to  instill  habits  of  thought 
that  enable  him  to  apply  fundamental  principles  to  such  cases  as  arise  in  practice, 
whether  these  cases  are  touched  upon  in  his  class-room  work  or  not.  Obviously  the  more 
general  has  been  his  preliminary  training  the  broader  will  be  the  reach  and  scope  of 
his  mental  abilities.  Of  course  much  depends  upon  the  manner  in  which  the  sub- 
jects have  been  presented  in  the  class  room,  in  order  that  the  relation  of  one  subject 
to  another  be  properly  understood  by  the  student.  In  the  simple  matter  of  the 
mathematical  analysis  of  the  stresses  in  such  structures  as  the  civil  engineer  has  to 
deal  with  it  is  not  always  easy  for  the  student  to  see  that  the  fundamental  principles 
of  static  equilibrium  are  sufficient  to  solve  all  cases  not  involving  redundant  members, 
particularly  when  his  text  presents  each  type  of  truss  in  a  different  manner,  the 
difference  involving  nothing  more  than  a  short  cut  in  the  computations  or  a  special 
device  that  happened  to  be  easier  for  the  writer  of  the  book  than  the  routine  method 
first  given.  It  may  be  argued  that  to  work  out  all  examples  according  to  an  unvaried 
programme  tends  to  check  the  spirit  of  investigation  in  the  student,  making  a  mere 
machine  of  him.  I  do  not  believe  this  to  be  the  case  in  many  instances,  for  much  of 
the  engineer's  work  is  routine,  and  he  has  so  many  problems  requiring  the  highest 
grade  of  intellectual  consideration  that  wherever  possible  his  time  should  be  econ- 
omized. Engineering  is  essentially  an  economic  science,  and  whatever  tends  to  this 
end,  either  in  dollars  and  cents  or  in  the  time  of  student  and  practitioner,  should  be 
taken  account  of.  Of  course  there  is  no  practice  more  pernicious  than  the  blind 
application  of  formulas,  without  a  knowledge  of  their  limitations  and  the  assumptions 
under  which  they  were  derived;  but  it  is  not  at  all  necessary  that  the  student  should 
spend  his  time  deriving  a  formula  each  time  he  has  need  to  apply  it,  provided  he  has 
once  done  so  and  thoroughly  understands  the  class  of  problems  to  which  it  is  applicable. 

I  have  said  that  in  our  colleges  all  courses  should  be  identical  up  to  the  beginning 
of  the  senior  year,  and  with  the  present  low  standard  I  would  go  even  farther  than 
that.  I  should  like  to  see — and  it  seems  to  me  that  the  best  interests  of  all  the  engi- 
neering courses  would  be  subserved  by  it — I  should  like  to  see  the  identity  carried 
through  the  whole  four  years.  If  any  degree  were  to  be  conferred  at  the  end  of  that 
time  it  should  be  a  general  one,  such  as  bachelor  of  science  or,  possibly,  bachelor  of 
engineering.  Perhaps  it  would  be  better  still  to  confer  no  degree  at  all  at  the  end  of 
that  time,  a  simple  certificate  being  awarded  merely  to  show  that  the  student  has  had 
a  certain  number  of  years'  training  in  engineering.  This  is  done,  I  believe,  at  Eens- 
selaer  at  the  end  of  three  years'  study,  the  title  degree  being  reserved  until  the  comple- 
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tion  of  another  year's  work.  I  believe  that  to  give  no  degree  until  some  specified 
amount  of  graduate  work  had  been  done  would  bring  back  many  a  student  who  now 
feels,  as  do  his  parents  and  friends,  that  having  been  given  a  diploma  he  knows  all 
that  is  needed  in  his  profession,  at  least  to  make  a  beginning. 

The  special  training  in  any  particular  branch  of  engineering  should  be  given  after 
the  completion  of  what  now  constitutes  a  four-year  course,  and  if  two  years  were  de- 
voted to  this  work  the  resulting  graduate  should,  be  well  equipped  to  begin  the  prac- 
tical work  of  his  profession.  The  degree  would  mean  something,  not  only  to  the 
student,  but  to  those  who  might  have,  need  of  his  professional  services.  If  desired,  a 
certain  amount  of  practical  work  might  be  required  of  the  student  after  having  com- 
pleted the  college  course  before  the  full  title  of  civil  engineer,  mechanical  engineer, 
electrical  engineer,  etc. ,  should  be  conferred;  but  this  is  an  unimportant  matter  as 
compared  with  the  theoretical  training  that  would  follow  from  the  method  suggested. 
•  I  do  not  mean  to  say  that  practical  experience  is  unimportant,  but,  on  the  contrary, 
I  believe  that  theory  and  practice  should  go  hand  in  hand.  But  no  matter  how  many 
degrees  a  man  may  hold  he  must  have  had  the  practical  experience  before  he  is  com- 
petent to  take  responsible  charge  of  work,  and  those  who  make  use  of  an  engineer's 
services  understand  and  require  this  in  any  event.  However,  while  the  practice  can 
be  gotten  in  the  regular  discharge  of  his  duty  the  engineer's  theoretical  training  is 
very  likely  to  stop  with  his  departure  from  college,  at  least  in  everything  but  the 
main  points  in  his  practice;  hence  the  necessity  of  as  much  theory  as  possible  before 
dismissing  him  from  the  class  room. 

There  are  many  striking  examples  of  engineers  who  have  not  had  the  benefit  of  a 
college  course,  and  these  lead  to  the  argument  that  a  comparatively  small  amount  of 
college  training  may  suffice,  the  special  training  being  acquired  in  practice  later  on. 
Of  course  this  is  not  a  sound  argument,  for,  given  two  men,  one  with  the  advantage  of 
a  good  college  training  and  the  other  without  such  advantage,  and  suppose  these  men 
to  have  the  same  natural  abilities,  and  let  them  start  in  the  same  capacity  and  under 
the  same  conditions,  there  is  no  question  but  that  the  college-trained  man  will  soon 
distance  the  other  and  rise  to  the  higher  and  more  responsible  positions  by  reason  of 
the  greater  breadth  of  perception  and  discriminating  ability  resulting  from  his  college 
training,  to  say  nothing  of  the  time  saved  from  the  drudgery  of  acquiring  the  princi- 
ples underlying  the  routine  operations  that  have  to  be  performed.  There  is  one  dif- 
ficulty that  a  student  who  goes  out  from  college  after  finishing  one  of  the  incomplete 
courses  now  offered  has  to  encounter,  and  that  is  the  tendency  to  place  too  high  a 
value  upon  the  degree  he  has  taken.  He  is  not  willing  to  enter  right  where  the  man 
who  has  not  had  his  advantages  is  obliged  to  begin,  and  no  statement  from  his  in- 
structor or  others  seems  to  be  able  to  convince  him  that  he  is  not  qualified  to  begin 
away  up  in  the  profession.  An  engineer  of  twenty  years'  experience — a  college  man 
himself — told  me  once  that  the  chief  trouble  with  engineering  graduates  was  that  they 
all  wanted  to  begin  as  chief  engineers,  and  it  always  took  some  time  and  many  mis- 
takes to  convince  them  of  their  unfitness. 

What  I  have  had  to  say  has  necessarily  been  largely  from  the  standpoint  of  the 
civil  engineer;  but  I  believe  that  followers  of  other  branches  will  agree  that  the 
broader  the  training  of  the  beginner  the  better  specialist  will  he  become  in  later  life. 


EXCURSIONS. 


The  day  following  the  adjournment  of  the  convention  (Saturday)  was  occupied  in 
a  trip  to  Golden  Gate  Park  and  the  Cliff  House  in  the  forenoon,  and  to  the  experi- 
ment station  at  Berkeley  in  the  afternoon.  The  week  following  was  devoted  to 
excursions  to  different  parts  of  the  State  where  typical  features  could  be  studied. 
Special  trains  were  provided  for  the  party,  and  the  long  distances  were  traversed  by 
night.  On  Monday  the  excursion  was  to  Santa  Rosa  and  Ukiah,  on  the  California 
and  Northwestern  Railroad,  stopping  at  the  vineyards  and  winery  of  an  Italian-Swiss 
colony  at  Asti  on  the  return  trip,  and  reaching  San  Rafael  in  time  for  a  banquet  in 
the  evening.  The  following  day  was  spent  in  the  vicinity  of  Fresno,  in  the  San  Joa- 
quin Valley,  where  extensive  vineyards,  orchards,  wineries,  ice  plant,  raisin-packing 
establishments,  and  a  number  of  beautiful  estates  were  visited.  An  object  lesson  in 
irrigation  was  here  presented  and  an  admirable  illustration  given  of  up-to-date  farm- 
ing in  the  extensive  estate  of  Minnewawa,  owned  and  superintended  by  Miss  Eshle- 
man.  While  a  diversity  of  agricultural  interests  were  represented  on  this  estate,  the 
dairy  feature  especially  commanded  admiration. 

Wednesday  morning  the  party  reached  Oroville,  in  the  Sacramento  Valley,  where 
orchards  of  oranges,  figs,  and  other  fruits  were  visited.  Later  in  the  day  stops  were 
made  at  Yuba  City  and  Woodland,  where  teams  were  in  waiting  to  drive  visitors 
through  the  orchards  and  grain  fields  of  the  vicinity.  Antioch,  on  the  Suisun  Bay, 
was  reached  early  Thursday  morning,  and  the  day  was  spent  on  the  San  Joaquin 
River  visiting  grain  and  truck  farms  at  several  points  along  the  river.  An  opportu- 
nity was  afforded  to  see  the  large  traction  steam  reapers  and  threshers  in  operation 
in  the  fields. 

Returning  to  San  Francisco  that  night,  a  fresh  start  was  made  Friday  morning 
down  through  the  beautiful  Santa  Clara  Valley.  A  stop  was  made  at  Palo  Alto, 
where  Stanford  University  and  the  stock  farms  were  visited.  At  San  Jose  trips  were 
taken  through  orchards  of  olives,  prunes,  and  other  fruits,  an  oil  mill  where  strictly 
pure  olive  oil  is  prepared,  and  a  large  fruit  cannery.  The  Morse  seed  farm,  one  of 
the  largest  in  the  country,  and  operated  entirely  by  Chinamen,  was  visited  late  in  the 
afternoon,  after  wThich  the  party  proceeded  to  Monterey. 

Saturday  morning  a  drive  of  some  sixteen  miles  wras  taken  along  the  coast,  which 
was  greatly  enjoyed;  and  later  in  the  day  a  visit  was  made  to  the  great  beet-sugar 
factory  at  Salinas,  which  when  completed  will  be  the  largest  of  its  kind  in  the  world. 

The  party  then  returned  to  San  Francisco,  arriving  Saturday  evening. 
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